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iWBorootioi 

The  forces  behind  the  supply  of  farm  products  teTe  not  been  studied 
eztenaiTely  or  Tery  suooessively*  This  lack  of  researoh  proAiot  is  not 
explained  by  a  laok  of  value  to  sueh  lnslghts«  The  primary  objeet  of  this 
study  was  to  detenilne  the  interrelation  between  a  niabar  ot  phytloal. 
agronomio,  sad  eoouomio  yarisbles  which  detemlne  the  annual  production  of 
winter  wheat  and  grain  sorghum  in  12ie  western  two-thirds  of  Kansas*  Speei- 
fically,  an  atteinpt  is  made  to  approxinate  supply  response  functions  for 
wheat  and  grain  sorghums  in  Kansas  and  to  estimate  the  parameters  of  a  number 
of  altemati-re  formulations  of  the  functional  relationships  InrolTed. 

Increased  understanding  of  supply  relations  will  make  predlotions  on 
effects  of  goTemment  policies  (that  have  resulted  from  the  readily  apparent 
surpluses)  more  accurate,  but  the  use  of  the  findings  will  not  be  entirely 
restricted  to  this  use*  Analysis  is  not  only  made  of  the  oomniitment  of 
resources  but  of  their  consequent  productivity  after  oomoitment*  These 
functional  relations  will  yield  effidenoy  measures,  whiah  in  turn  can  be 
useful  for  such  further  studies  as  resource  valuation,  profitability  of  fam 
practices,  and  fanoers'  use  of  appropriate  strategies  in  allocating  resources 
under  specified  conditions*  This  study  thus  goes  beyond  derivation  of  supply 
functions,  where  supply  refers  to  a  schedule  for  some  unit  of  time,  of  all 
the  possible  quantities  offered  by  sellers  in  correspond enoe  with  a  list  of 
possible  prices*  Farmers  in  this  area  respond,  but  the  response  is  in  terms 
of  resouroes  oammitted  to  various  uses*  In  this  study  tk€  production  of 
resource  bundles  is  also  studied,  given  the  oomnitment* 

This  study  was  restricted  to  small  geographical  areas.  This  was  done 
to  insure  a  mail  mm  of  homogeneity  within  areas*  The  smallest  area,  and  if 


properly  saiiq)led,  the  most  homogeneous  area,  would  be  a  oross  seotion  of 
farmers*    An  increased  ntndDer  of  Tarlables  could  be  taken  into  aoooont,  and 
oommitment  of  resources  and  produoti-rtty  of  resources  oould  be  studied.     It 
«as  not  possible  to  obtain  data  from  this  source.     Consequently,  county  data 
•were  used.     The  data  were  aimllable  and  were  believed  adequate  for  -the  analjp- 
sis  planned.     Although  data  obtained  e:qperlmentally  were  available  and 
adequate  for  the  productivity  study.  It  was  not  possible  to  study  resource 
commitment.     To  study  both  phases  of  the  problem  it  was  necessary  to  us*  the 
county  data. 

The  us*  of  data  frcm  smaller  areas  differentiates  Mita  study  from  most 
supply  studies  that  have  been  conducted.    Most  of  the  previous  stadias  hav* 
eovsred  broad  geographical  areas,  with  results  di  ffieult  to   interpret. 
Within  the  large  areas,  measures  of  response  enoompassed  farmers  with  a 
difference  in  the  degree  to  which  assets  were  held  fixed,  or,  the  same  thing, 
differences  in  -Bie  length  of  run.    Likewise,  the  profitableness  of  alterna- 
tives differed  from  farm  to  farm  and  from  area  to  area.     It  is  not  claimed 
that  these  are  not  problems  in  this  study.     However,  it  is  believed  •that  th* 
farms  within  areas  are  as  honageneous  as  can  be  obtained  without  a  saii^l*  of 
farms. 

this  study  Is  a  time  series  analysis,  and  In  general  covers  th*  period 
1917-6S.    As  a  whole  there  were  no  changes  that  would  affeot  th*  structure 
of  the  equations  used*     Th*  period  was  closed  at  1958  beoaus*  goverment  pro- 
grams were  believed  to  have  affected  farmers*  deoisions  beyond  that  date. 
There  were  programs  before  1953,  but  it  was  not  believed  tha.t  they  were  of 
sufficient  Influence  to  merit  further  change  In  -ttie  period  aeleoted  for  study. 

This  study  is  an  introductory  study,  with  data  from  only  two  counties 
analysed.     Similar  data  to  that  used  for  these  eountles  has  been  punched  on 


IBM  oardi  for  other  ootmtlas*    These  Inalude  66  oountles  In  Central  and 
Western  Kansas*     A  broader  study  irlll  be  nade  in  the  futare,  where  benefits 
have  been  gained  from  this  nore  limited  experimce* 

Procedure 

Single  equation  multiple  regression  analysis  was  the  method  used  for 

this  study«  For  each  equatioHj  it  was  possible  to  determine  one  dependent 

Tariable  (endogenous)  that  iras  a  fUiotion  of  independent  varlEd>les,  Inoluding 

both  exogenous  and  lagged  endogenous  Tariables  that  oould  be  regarded  as 

prsdeteniined*  Therefore,  slsultaneous  equation  methods  not  only  are 

unneoessary,  but 

If  an  equation  oontains  one  current  endogenous  rarlable  and 
sereral  predetermined  variables  and  if  the  current  endogenous  is 
regarded  as  dependent  in  applying  least  squares,  then  the  least- 
squares  and  limited  information  prooedurss  are  Identical,  as  are 
the  assumptions  under  which  they  are  derived  (Hlldrath  and  Jarrstt, 
1,  pp.  70-71). 

Vndsr  these  conditions,  least>squares  procedures  yield  unbiased  estis&tes 

of  par«a»t*ra» 

Problsm 

Farmers  In  Central  and  Western  Kansas  must  make  deel slons  concerning 
the  acreage  of  crops  that  they  seed  and  the  techniques  of  production  that 
they  use.     The  major  deol  slons  that  -tiiey  make,  and  the  Interrelation  of  these 
decisions  is  shown  in  Table  1.     The  naking  of  a  partloular  deoision  will 
influence  the  decisions  that  are  made  later.    The  rnaJdng  of  a  deoision 
leaves  open  the  possibility  that  certain  sequences  of  deelsicns  may  be  nade 
later  and  at  tiis  same  time  preoludes  the  possibility  that  other  decisions  may 
be  nade  later. 
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In  the  oalendar,  Table  1,  any  date  nay  lerre  as  a  starting  point.     It 
Is  eoDTenleDt,  though  not  necessary,  to  start  In  the  svnoBer*   (Tears  1949 
and  19S0  are  used  as  example  years*)     In  the  sunmsr  of  1949,  the  land  idll 
fall  into  one  of  four  possible  olassifioatlonai  these  are  land  on  nfaioh  a 
nheat  orop  was  harvested  that  sunmsr,  land  in  fallow,  land  in  sorghuns,  and 
land  that  Is  in  orops  other  than  wheat  or  sorghum. 

The  laod  on  whloh  a  idieat  orop  ims  harvested  eould  eiliier  be  seeded  to 
wheat  or  not  seeded  to  tiieat  that  fall.     The  reoomnended  seeding  data  ft>r 
liAieat  is  late  September  or  early  Ootober  for  this  area.     A  sequenoe  of  possi- 
ble deoisions  follows  if  the  land  were  seeded  to  wheat.     In  the  spring  of 
19SD,  the  irtieat  oould  either  be  abandoned  or  left  for  a  orop.     If  left  for  a 
crop.  It  would  be  harvested  during  the  sunimar  of  19G0  on  appraxinately  July 
1.     If  the  wheat  were  abandoned,  the  land  oould  be  seeded  either  to  sorghum 
or  to  other  orops,  or  it  oould  be  fallowed.     If  the  land  were  fallowed,  it 
would  be  potential  lAieat  seeding  land  in  lite  fall  of  1950.     Beoomnended 
seeding  dates  are  Uay  25-June  80  for  sorghums.  May  1  to  late  Hay  for  oom, 
and  Uareh  1-15  for  oats.     If  the  land  were  seeded  to  sorghum  or  oom,  the 
growing  ojrop  would  oooupy  the  land  in  the  sumser  and  fall  of  19S0  and  the 
land  would  ordinarily  not  be  suffloiently  prepared  and  would  be  too  dry  for 
iriieat  seeding. 

Land  in  fallow,  stumer  of  1949,  oould  likewise  be  seeded  to  wheat  or 
not  seeded  to  lAieat  In  the  fall  of  1949.     The  sane  possible  deoisions  would 
fellow  as  from  land  on  whloh  a  orop  of  wheat  was  harvested  in  the  sumaer  of 
1949.     The  one  differenoe  is  that  a  orop  of  idieat  after  fallow  oould  be  har- 
vested from  wheat  seeded  on  fallow  land. 

In  the  summer  of  1949,  some  of  -the  land  will  be  in  sorghum.     This  crop 
wlU  be  harvested  in  tbe  fall  of  1949  and  the  land  will  not  be  available  tor 


nheat.    Ho  <leel«loji«  regarding  the  uie  of  Uili  land  will  B»ed  be  BAde  until 
eprlng,  i^n  It  met  be  deoided  whether  the  land  should  be  aeeded  to  aorgfaua, 
seeded  to  otber  oropa,  or  fallowed* 

The  deoislon  in  tiie  fall  of  1949,  for  land  in  a  orop  o«ier  than  wheat 
or  sorghum  in  the  summer  of  1949,  will  depend  upon  the  orop  on  the  land  in 
the  suraner.     If  the  orop  is  oom,  the  land  will  not  be  available  for  ifceat 
seeding.     If  the  orop  was  a  spring  sown  small  grain,  as  oats  or  barley,  or 
If  it  were  rye,  the  land  oould  be  seeded  to  ifaeat  that  fall.     The  same  series 
of  deoisions  beyond  the  deeision  to  seed  wheat  are  napped  for  this  land  as 
for  land  on  irtiioh  a  wheat  orop  was  harrested  in  the  summer  of  1949.    Likewise, 
a  erop  of  wheat  seeded  on  this  land  and  harvested  in  19S0  would  be  regarded 
as  a  eontinuous  vftMat  orop* 

Land  that  ean  be  aeeded  to  wheat  will  not  have  a  growing  sorghum  or  oom 
erep  on  it  liiat  sumner.    Kheat  oan  be  seeded  on  land  that  produoed  wheat  the 
previous  year,  spring  sown  small  grain  or  rye  the  previous  year,  or  tiiat  was 
fallowed  the  suaner  prior  to  seeding  wheat.     Sorghum  oan  be  planted  on  land 
that  produoed  a  row  orop  the  previous  year,  on  land  seeded  to  lAeat  but 
abandoned,  on  lajLd  that  produoed  a  spring  sown  small  grain  the  yecur  befbre* 
and  on  land  that  was  fallowed  the  aumer  before* 

The  types  of  land  uae  that  might  be  found  in  the  aumner  of  1980  are  Hkt 
same  possibilities  as  listed  for  the  aumier  of  1949*     This  ooiqpletes  the 
deeision  eyole  and  the  same  types  of  deoisions  would  be  studied  in  the  fall 
of  19G0  and  later  dates  as  for  the  years  illustrated* 

Hypotheses  stating  the  faotora  influencing  the  use  to  iftiioh  land  is 
ooimitted  at  eaeh  deeiaion-making  point  logioally  follow*     It  la  known  that 
aoll  moisture  is  orudal  for  orop  produotlon  In  this  area,  and  that  fanners 
are  oomltting  not  land,  aa  an  aggregate  measured  in  aerea,  but  land  and  aoll 


iiiolatar*«    Although  fanera  have  no  oontrol  ovar  th«  anounb  of  precipitation 
that  falls  (uDlass  they  aoro  to  a  higher  precipitation  area),  ■Ihey  can,  to 
Has  extent,  control  tiie  amount  of  soil  moisture  by  rotation  and  tillage 
prcMtlcea,  and  they  must.  If  they  are  to  naxliaixe  prof  Ita,  exeroise  strategy 
in  the  use  of  this  molstoret 

Scope  cf  Study 

This  study  coTcred  two  counties  In  Kansas,  Barton  and  Finney,  for  the 
years  1917  to  1953.     Sinoe  this  is  prinarlly  a  supply  study  of  ^eat.  Barton 
County  nas  selected  beeause  it  is  one  of  the  main  wheat  producing  oounties 
in  the  state>    The  average  production  of  idieat  in  Barton  County,  as  shown  in 
Table  2,  for  the  years  studied  was  3,695,000  bushels.     Another  reason  Barton 
County  was  seleoted  orer  several  of  Hie  oliier  leading  idieat  prodiclng 
counties  was  that  the  precipitation  reporting  station  was  more  oentrally 
located.     Geographically,  Barton  County  is  located  In  the  oeotral  part  of 
Kansas,  and  the  secondary  crops  are  sorghums  and  com* 

The  mean  acreage  of  wheat  seeded  in  Barton  County  for  Vke  years  studied 
was  312,300  acres.    The  average  acreage  of  wheat  seeded  on  fallowed  land  was 
23,400  acres,  and  tiie  average  acreage  of  continuous  idieat  was  288,900  acres. 
For  Barton  County,  only  7.6  percent  of  the  iriieat  seeded  was  seeded  on  fallowed 
land.     Previous  studies  (Knight,  18)  have  Indicated  Ifaat  susmer  fallow  is 
profitable,  at  the  aast,  once  every  four  years  for  wheat.    This,  then,  is  an 
area  In  which  a  large  acreage  of  land  cannot  be  profitably  fallowed.    The 
largest  acreage  seeded  to  irtieat  was  in  1938,  with  354,000  acres  and  the 
sinallest  in  1948,  when  only  238,000  aeres  were  seeded  to  whsat.     The  acreage 
of  iriieat  abandoned  in  Barton  County  averaged  38,000  aeres  per  year,  with  a  mm 


Table  i. 

Catalogua  of  Tarlableg  and  aeuia  ui 
tioM,  1917-1965. 

• 
led  In  supply  response  foivila- 

t 
Variablai                       Dosorlution 

1                Hean 

1 

Dnlt 

t     Barton    i 

Finney    i 

h 

Preolpltatlon  raoalved  for  the  »l3»- 
HDlith  period  from  April  1  to 
October  1^ 

18.4 

14.0 

Inehes 

h 

Pidoe  of  Kheat  as  anaounsed  the 

prsTloue  year  or  the  seaeon'e 
average  price 

1.53 

1.53 

Dol./W. 

h 

Preolpltatlon  received  for  ttio 
■l^^mooth  period  from  Ootoher  1 
to  April  1 

6.3 

4.3 

Inehes 

h 

Index  of  yield  ability  of  wheat* 

95.0 

93.0 

Percent 

h 

Price  ratio  of  '"?#gy* 

69.0 

69.0 

Percent 

h 

Precipitation  reeeired  for  the 
three-montti  period  from  July  1 
to  October  1 

B.8 

6.5 

Inehes 

ho 

Precipitation  received  for  the 
slx>month  period  from  January  1 
to  July  1 

15.0 

9.4 

Inches 

hi 

All  sorghum  harvested  1931-19B8 

24,600 

66.600 

Acres 

hz 

Land  available  for  wheat 

294.000 

159,600 

Acres 

^ 

All  sorghum  harvested 

28,000 

61,000 

Acres 

h* 

vhMLt  seeded  after  fallow 

7.5 

29.5 

Percent 

h5 

Tine 

SB 

ss 

Years 

hB 

Crop  acreage  harvested 

547.000 

216,800 

Acres 

Tfl 

Land  seeded  to  wheat 

512.500 

194,500 

Acres 

\ 

Vlheat  harvested 

247,500 

128,600 

Acres 

h 

TOieat  yield  per  harvested  acre 

13.3 

11.9 

Bushels 

^4 

Qrain  sorghum  harvested 

9.000 

57,000 

Aeres 

^6 

Sorghum  yield  per  harvested  acre 

17.6 

18.7 

Bushels 

10 


Table  2«  (oonol«) 


Mean 


Tarl«l)let 


Deaerlptlon 


I     Barton    i     Finney    i     Unit 


9 


Land  In  fallow^ 
Tlheat  abandoned 
TOieat  production 
Contlnuoua  iriieat 


23,400  57,100  Aarea 

38,000  65,600  Aores 

3,696,600  1.854,900  Buihels 

288,900  137,200  Aorei 


^  The  precipitation  mBaBurenents  were  calculated  from  record*  obtained  from 
weather  statlona  In  eaoh  county.    The  station  for  Barton  County  was 
located  at  Oreat  Bend,  and  the  station  for  Finney  County  was  located  at 
Garden  City, 

*  The  Index  of  yield  ability  was  obtained  by  weighting  yial  ds  of  different 
varieties  as  determined  by  experlmaits  at  Manhattan  by  the  percentage  of 
Kansas  wheat  acreage  seeded  to  Uiese  Tarletles  for  the  different  years, 
data  supplied  by  the  Federal-State  Statistician,  Topeka,  Kansas. 

'  TTnpublished  data.  Department  of  Economlos  and  Sociology,  Kansas  State 
College.     Original  data  are  from  Federal-State  Statistician,  Topeka,  Kansas. 

of  274,300  acres  harvested  eaoh  year,  with  an  average  yiaLd  of  13. S  bushels 
per  harrested  acre. 

The  average  acreage  of  all  sorghums  harvested  in  Barton  County  was  22,000 
acres,  of  iriiloh  9,000  aeres  were  grain  sorghuos.    The  average  grain  sorgfaua 
yield  per  harvested  acre  was  17.5  bushels*    The  largest  aoreage  of  all 
sorghums  hanosted  was  38,800  aeres  in  1953  and  Hie  smallest  aoreage  harvested 
was  9,700  aorea  in  19S0.     The  largest  aoreeige  of  grain  sor^ums  harvested  was 
26,300  aeres  In  1963,  while  no  grain  sorghums  weT«  harvested  in  1934  and  1936. 
On  the  basis  of  aoreage  harvested,   sorghum  is  oonsideiably  less  iaqportant  than 
idiaat  in  this  eounty. 

The  average  yearly  precipitation  in  Barton  County  was  24.7  inches,  with 
an  average  of  18.4  inches  during  the  second  and  third  quarters,  and  6.3 
inches  during  Hut  first  and  fourth  qoartera* 


u 


The  other  eounty  ituditd  vaa  Flaney,  i*ioh  la  located  in  the  ■ou'ljnrestera 
part  of  the  state.    Finney  la  alac  looated  in  a  eaah  grain  producing  area, 
and  the  tno  m>st  liq>ortant  crops  fbr  that  area  are  irtieat  end  sorghuos* 

Finney  County  i»a»  chosen  for  seroral  reasonsi    First,  it  la  located  In 
a  different  and  drier  area  of  the  state.    The  average  precipitation  in  Finney 
County  for  the  years  studied  nM  18.8  inchest  5.9  inohea  leas  than  the 
average  precipitation  in  Barton  County.    Of  the  18.8  inches  of  precipitation 
reeeiTOd,  14.0  inches  nas  received  duilng  the  second  and  third  quartera  and 
4.8  Inohea  during  the  first  and  fourth  quarters. 

Secondly,  more  land  ims  fallowed  in  Finney  County.     The  aireiflige  acreage 
fallowed  in  Finney  County  for  the  87  yeara  studied  waa  67,000  aorea.    Very 
little  fallowing  was  done  before  1982.    From  1982-83,  the  average  acreage 
fallowed  was  98,800  and  39,300,   respectively,  for  the  two  oountles. 

Another  reason  that  Finney  County  was  selected  was  because  e:q)erimeotal 
data  are  available  from  tlie  Garden  City  Branch  Esperiment  Station  looated  la 
this  county.     Data  fiom  the  es^rimait  station  can  be  teated  in  the  s<;piatlona 
for  eonparlson  with  the  resulta  from  the  uae  of  county  data. 

The  average  acreage  of  wheat  aaeded  in  Finney  County  tar  the  87  yeara 
studied  waa  194,800  aorea.    The  largeat  acreage  aeeded  was  808,000  aorea  In 
1949,  and  the  amalleat  was  37,000  acres  In  1918.     The  average  acreage  haiw 
vested  was  128,600  acres,  and  abandoned  acreage  avai«ged  65,600  acres  per 
year,  or  38.7  perocnt  per  yeeu-.     Under  the  assumption  tiiat  all  fallowed  land, 
(average  aoreage  being  57,100  aorea)  waa  seeded  to  lAxeat,  the  average  acreage 
of  cnntinuous  wheat  was  37,200  acres,  or  approximately  29.3  percent  of  the 
wheat  was  seeded  on  fallowed  land.    Fallowing  has  been  demonstrated  to  be 
profitable  for  wheat  in  Finney  County,   especially  In  certain  yeara,   (Khi^, 
IB).     The  average  yield  of  iriieat  per  harvested  acre  was  11*9  buahela  In 
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Flnnay  Csuaty^ 

For  the  ysars  studlsd,  Hxt  areraga  aerMig*  of  all  lorglmiBS  harreated  in 
Finney  County  was  61,000  aores,  of  whloh  37,800  aorea  were  grain  sorghuma* 
The  largest  acreage  of  sorghum,   142,100  acres,  was  hanrested  In  1951,  which 
Included  113,700  acres  of  grain  sorghums.     The  smallest  acreage  of  sorghums 
harvested  waa  In  1921,  wilh  only  31,200  aorea.     The  mean  yield  per  acre  for 
grain  sori^ums  harreated  In  Finney  County  waa  16.7  bushala. 

These  two  oountlea,  than,  differed  on  relative  liqjortance  of  (1)  wheat, 
(2)  sorghum,   (S)  fallow,  and  (4)  average  precipitation. 

Sumnary  of  Equation* 

A  aianary  of  all  aqoatiens  analysed  la  preaented*    To  help  clarify  th« 
timing  of  aasociated  variables,  the  dependant  variable  for  1960  la  shown  a« 
a  function  of  other  variables,  idth  dates  attached.     For  ezaa^le.  In  the  (2) 
acreage  fallowed  equation,  Tg,  for  1950,  is  a  function  of  Xg,  1949,  T,,  1949, 
Xjj,  1949,  Xjg,  1949,  X^j,  1950  (date  not  shown,  but  agrees  with  date  of 
dependent  variable),  and  2j,  1949.     The  year  1980  la  only  illuatrativo,  lut 
far  other  dates  'Uie  leads  and  laga  for  the  datea  follow  Mie  precise  pattern 
pictured. 
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(1)  DhMt  seeding 

Tj  -  f  (X,.  X,.  V  ^8'  ^«'  ^»> 

Tj^  K  leaded  acreage  of  nhaat  by  years,  ••£•.  1960  orop  year  shorn 
seeded  acreage  In  fall  1949 

X2  «  R,  ■*-  H.,  rainfall  In  2nd  and  Srd  quarters  of  1949 

X,  B  prioe  of  lAeat  announced  In  July  1949  or  1949  ssMon  arerage 
price 

Xy  s  acres  wheat  abandoned,  1949 

Xi.  ■■  orop  acreage  available  for  wheat,  fall  1949 

acres  harvested,  1949,  wheat,  oats,  barley,  rye,  alfalfa  f  B 

Tg  K  acreage  fallowed,  1949 

Xjg-ti-. 

(2)  Acreage  fallowed 

^6  "  '^^'  ^2'  *11»  ^8*  ^8'  ^^ 
T.  B  acreage  fallowed,  1960 

X,  >  R,  -f  R-,  rainfall  in  2nd  and  Srd  quarters  of  1949 

T.  B  acres  irtieat  harrested,  1949 

X..  s  acreage  of  all  sorghum  harvested,  1949 

X.a  B  acres  harvested,  1949,  all  crops  excluding  prairie  hay, 
A/t  of  the  alfalfa  acreage 

^6-«« 

X.  B  price  of  wheat,  1949  or  1949  season  average  price 
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(S)    Itheat  hArreatlng 

h  '  '<V  ^6'  h'  V 

^t  "  ^^^'  ^S»  h'  ^6»  ^9^ 

T,  o  Bores  of  irtieat  harreated,  1950 

Xjj>Rj+R,.  1949 

Xg  ■  E,  +  H,,  4th  quarter  1949  plui  l«t  qaarter  1960 

X-  s  prlea  of  irtieat,  19E0 

y.  m  acres  seeded,  1949 

T.  m  aorei  fallowed,  1949 

Tq  S3  acres  of  idieat  after  a  orop 

(4)    Vheat  abandonment 

T7  B  f (Xj,  Xg,  I3,  Tj) 

^7  =  '(^8'  ^6'  h'  ^«'  ^9^ 

T-  s  acres  abandoned,  1960 

Xj  =  Rj  +  S5,  1949 

X  »  R .  -^  R.,  4th  quarter  1949  plus  lit  quarter  1960 

X,  s  price  of  -wheat,  1960 

T.  *  aores  seeded,  1949 

Tg  K  acres  falloired,  1949 

T.  »  aores  of  vheat  after  a  crop 
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(5)  All  sorgfaums  harrested 

Zj  »  f  (Xj,  Xg,  Xp  lie.  Tfi,  Xjg) 

X,  K  all  aorghum  aoreage  harvested,  1950 

Zg  s  Kg,  1950 

I,  -  prio.  ratio.  ">r^j>m  19*9 
^  wheat  1949 

X_  a  aeres  of  viieat  abandoned,  1950 

Z^g  a  aore*  of  all  eropi  harvested,  1949 

Ti  B  aoret  of  wheat  seeded,  1960 

(6)  Qraln  sorghtras  harvested 

T4  -  f  (X,,  Xg,  X^,  Xjg,  Tj,  Xjj) 

T,  s  grain  sorgbum  aoret^;e  harvested,  1950 
Xg  a  Eg.  1950 

^  -  ^'*-  ««».  '^^g 
X_  ■  aorea  of  wheat  abandoned,  1960 
X<g  *  aores  of  all  oreps  harvested,  1949 
T.  m  aores  of  vAieat  seeded,  1990 

X«  g  ™  time 
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(7)  uniaat  production  (linear) 

Tg  m  f  (Xg,  Xg,  Xg,  Tg,   Tj,  Xj^j,  X^g) 
T.  B  Dfaeat  produBtlon,  boahela  1960 
Xg  -  Rj  +  Rg,  1949 
Xg  B  indaz  of  yield  aUUty,  1949 
Xg  »  R    +  R.,  4th  quarter  1949  plus  lat  quarter  1950 
Tq  "  acres  of  continuous  iiheat,  1980 
Tg  s  acres  fallowed,  1949 

X^g  E  time 

(8)  nhsat  production  (logarltfamie) 

Xgj^  "  f  (^»  ^6»  ^SL'  ^9L.  ^et.  %,t-l«  ^15) 
Im  ^  log  iheat  piodustlon,  bushels  1960 
X^  -  log  (Rg  +  Rj,  1949) 
Xg  B>  index  of  yield  ability,  1949 

Xg,  »  log  (R.  -f  R^,  4th  quarter  1949  plus  1st  quarter  1980) 
^SL  "  ^°S  f^eret  of  eontimious  wheat,  1960 
T_  "  log  aorea  fallowed,  1949 
^t.1  -  log  (Rj  +  R5.  1948) 
X.g  s  tine 
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(9)  liheat  jpl«lds  (linear) 

^8  =  '^h'  h'  hi'  V  ^2t-l'  h.B^ 

T  »  wheat  yield  per  haiTested  oore,  1980 

5 

Xg  ■  R,  4^  Bg,  1948 

Xg  ■=  index  of  jdeld  ability,  1949 

X, .  ■  percentage  of  «eeded  aereage  seeded  after  fallow 

^B  ■  *4  *  *1»  ***  TJarter  1949  plus  let  quarter  1960 

^2t-l  =  ^2  +  *8'  15* 
Z.  .  •=  time 

(10)  Vhaat  yields   (logarithmlo) 

^8L  =  ^(^»  ^'  %4»  ^5L'  ^ZLt-1'  ^6^ 

T„  "  log  *eat  yield  per  harvested  acre,  1980 

Xa  -  log  (Rg  +  H'  1^*^ 

Xg  »  index  of  yield  ability,   1949 

X„  ■  log  (Ea  +  El ,  4th  quarter  1949  plus  1st  quarter  1980) 

X. .  B  percentage  of  seeded  acreage  seeded  after  fallow 

XjLt-1  =  108  (R|  +  »8.  19«) 

X      s  time 
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(11)  Sorghum  yields  (lijwar) 

Tg  =  f (Ig,  XjQ,  Tg,  Xj,  Xjg) 

Tg  z>  grain  sorghum  yield  per  harvested  acre,  1960 

Xj  -  Hj,  1980 

Xjo  -  Rj  +  R,.  1980 

Tg  B  acres  fallowed,  1949 

Z,  -  S(  -•-  Rg.  1949 

(12)  Sorghum  yields   (logarlthmlo) 

Tgi,  ■  log  grain  sorghum  yield  per  harvested  aere,  1980 
XgL  «  log  (Rg,  19S0) 

^lOL  "  log  (Ri  +  H2.  I960) 
Tgj^  a>  log  acres  fallowed,  1949 

XjL  =  log  (Rg  +  Kg,  1949) 
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FASM  DECISION  REL&IIONS 

Aa  noted  In  the  deolilon  pattern,  fanners  must  Bfike  00011111111001:8  on  tho 
use  of  resouroes  at  speoifled  tliaes  Airing  the  year.     It  is  hypothesised  that 
the  deolsiona  they  anke  are  related  to  the  atooks  of  resouroes  on  hand  at 
the  deoisioih-inalcing  time  and  to  their  expected  discounted  marginal  value 
productivity  in  alternative  uses.     Farmers  would  be  expected  to  allooate  the 
given  resources  to  naximiie  this  expected  return.     The  fanner's  problsB  is 
that  of  using  the  appropriate  strategy  in  the  use  of  his  fixed  resources. 
This  in  general  means  that  for  any  particular  decision,  the  expected  returns 
from  land  and  moisture  must  cover  variable  co  sta  and  must  be  equal  to  or 
greater  than  opportunity  costs. 

Ifheat  Seeding 

Farmers  with  land  available  for  i4ieat  seeding  must  decide  each  fall  how 
■leh  of  'Uils  land  should  be  seeded.     This  lend,   for  the  wheat  acreage  seeding 
decision,  falls  Into  three  oategoriesi     land  on  nhioh  a  crop  had  been  har- 
vested, or  Ijjj  land  on  which  the  previous  wheat  crop  was  abandoned,  or  Tyi 
and  land  that  was  fallowed,  or  Tg.    Kaoh  of  ttiese  variables  is  assumed  given 
for  this  p6irticular  decision. 

The  acreages  X,,*  ^g*  '"''  ^7  *®'"®  ""^  aggregated  into  one  acreage  total. 
As  far  as  idieat  seeding  is  concerned,  each  category  represents  a  different 
resouree.     The  acreage  of  idieat  abandoned  the  preceding  spring  can  go  either 
into  fallow  or  sorghum.    The  land  planted  to  sorghum  will  not  be  available 
for  irtieat.     The  land  (Xjg)  which  was  cropped  to  wheat,  oats,  barley,  rye, 
and  one-fifth  of  the  alfalfa  acreage  (average  length  of  life  of  alfalfa 
assumed  five  years,  and  20  percent  of  the  total  stand  is  assumed  broken  up 


eMh  yew)  is  available  for  wteat.    The  soil  moistwe  ooJrtent  of  this  soil 
will,  in  general,  be  low.    On  *e  otiier  hand,  the  moisture  content  of  «ie 
fallowed  land  will  be  higher. 

If  soil  moisture  readings  would  hare  been  available,  an  aggregate 
measure  of  productiTe  land  would  have  been  used,  urtiero  measures  of  aores  and 
moisture  content  would  have  both  been  reflected.     Lacking  this  measure  of 
soil  moisture,  land  was  oategorlied  as  described  above. 

The  amount  of  moisture  in  «»  soil  is  related  not  only  to  its  use  but  to 
the  amount  of  rainfall  that  fell  prior  to  seeding  time.     It  was  not  known 
preoiaely  what  period  of  rainfall  should  be  used,  nor  was  it  known  whether 
rainfall  Imediately  prior  to   seeding  time  should  be  weighted  more  than 
earlier  nilBfall.    Although  ooi^lote  a  priori  knowledge  as  to  how  to  tr«at 
this  variable  was  not  at  hand,  it  appeared  reasonable  to  use  the  total  rain^ 
fall  of  the  six-month  period  from  April  1  to  October  1.     For  Central  and 
Western  Kansas,  most  of  the  annual  precipitation  falls  during  these  months. 
Ob  land  irtiere  crops  were  harvested  the  preceding  suimer,   some  of  the  raia- 
fall  of  April,  May,  and  early  June  would  be  used  by  the  growing  crops,  and 
some  would  be  lost  through  evaporation,  but  a  large  portion  of  this  moia-ture 
will  remain  in  the  soil.     The  period  was  extended  to  October  I,  the  approxi- 
mate planting  date.    The  necessary  land  preparation  operations  for  wheat  are 
rather  siii^le,  and  farmers  in  Uiis  area  often  wait  to  see  how  much  precipita- 
tion falls  In  late  summer  before  they  decide  to  plant  id»at.     With  possibly 
one  or  two  one-way  operations,  the  land  is  sufficiently  prepared  for  seeding. 
In  deciding  how  to  use  this  land,  there  are  a  number  of  things  a  farmer 
takes  into  account.     First,  he  would  plant  only  if  the  expected  value  of  the 
crop  would  cover  additional  costs   (for  more  land  preparation,  seed,  drilling. 
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eoD'blBlug,  and  hauling)  Vn&t  nould  be  Inourred  after  Hie  deoljion-DBkijig  time 
If  he  deoldes  to  seed  iiheat.    Thl*  la  a  neeeaiary  but  not  a  au  ff  lelenb  eoa> 
dltion  for  juatlfylng  the  daoialon  to  aeed.     Not  only  must  the  expected 
-mlue  of  the  speoiflo  crop  cover  the  variable  coats  (costs  -that   are  variable 
at  this  stage)  but  this  avenue  of  land  use  must  promise  greater  expected 
returns  than  any  other  use«     For  example,  either  planting  sorghum  the  next 
aprlng  or  fallowing  -the  follonlng  auaser  for  a  wheat  crop  to  be  aeeded  a  year 
later  might  ahow  promiae  of  more  prof  lta«     If  either  were  the  oaae,  the  land 
would  not  be  seeded.     If  neither  were  the  oaae,  and  the   sxpeoted  value  of 
the  ndieat  erop  would  at  leaat  cover  the  variable  ooata  (profit  a  from  -the 
wheat  erop  greater  than  tha  opportunity  coata),  then  the  land  would  be  seeded 
to  ^eata 

The  deolalon  model  fansera  uae  undoubtedly  reflecta  tha  Influenee  of 
crop  prices,  costs,  and  ylelds«     It  is  suspected  -diat  ooata  are  not  too 
iaportant  a  consideration  at  this  stage,  however,  because  variable  costs  are 
not  a  high  proportion  of  total  costs*     It  Is  not  known  eocactly  how  cost  coi»> 
parlaona  for  altematlre  oropa  are  made,  althou^  it  la  probable  that  famera 
aaaume  that  future  coata  will  be  at  about  the  aame  level  aa  ooata  at  a  given 
ttme.     Neceasary  data  on  ooata  and  hypoilieaea  aa  to  their  uae  by  famera 
were  not  available,  ao  thia  variable  waa  not  Ineluded  in  tiie  equation* 

The  Influence  of  yield  la  primarily  reflected  through  rtdnfall  and  tha 
aaount  of  land  in  the  oategoriea  aa  defined. 

A  price  variable  waa  included  In  the  equation.    There  la  reaaon  to 
suppoae  that  there  would  be  aome  reaponse  to  price,  and  that  a  high  expected 
price  for  wheat  would  encourage  fanasrs  to  aeed  more  wheat  in  a  given  year. 
It  would  also  be  reasonable  to  suppose  that  the  acreage  response  to  price 
would  be  highly  Inelaatlo.     Tha  deelaion  aa  to  aaedi&g  would  be  mda  In  tha 


short-run,  with  land  aad  moisture  girsn,  aloog  with  oartain  other  Tariablea 
not  studied  here,  as  labor,  naohinery,  and  taiildings. 

Some  eonsideration  was  given  to  Ifae  use  of  a  prioe  relatire,  e^g*,  a 
ratio  of  wheat  and  grain  sorghum  prioes.     This  variable  was  not  used  beoause 
it  was  believed  that  the  opportunity  oost  of  a  crop  of  iriieat  seeded  was  -the 
value  of  a  orop  of  wheat  after  fallow  that  could  be  produced  on  the  land  a 
year  later  if  wheat  was  not  seeded*     It  is  not  likely  -ttiat  Hie  price  of 
sorghxm  is  an  ii^rtant  faotor  taken  into  aooount  wbsn  resources  are  ooimitted 
to  wheat* 

It  is  not  known  precisely  what  prioe  farmers  use  in  formulating  expec- 
tations*   Previous  studies  have  used  lagged  prioes,  including  weights  for 
past  prices,   (Herlove,  U),    Here,  the  piice  of  wheat  as  announced  In  July 
of  that  year  or  the  season  average  prioe  was  used*     It  is  bedieved  that  this 
is  more  nearly  the  one  price  fanners  would  expect  for  a  orop,  or  a  orop  after 
fallow  a  year  later* 

Some  farmers  plant  irtieat  so  ihat  they  have  a  growing  orop  if  preoiplta- 
tion  falls  during  the  spring  or  winter*  If  it  does  net  fall,  they  oan  still 
harvest  a  poor  crop  of  wheat,  or  abandon  the  irtieat*  This  is  a  form  of 
flexibility,  and  al'Biough  it  involves  a  oost  (land,  preparation,  and  seeding 
costs  irtien  a  wheat  crop  is  later  abandoned),  it  maybe  a  profitable  activity 
because  fanners  have  a  chance  of  harvesting  a  good  iritsat  crop  some  years* 

Not  all  the  factors  influenoing  the  acreage  of  wheat  seeded  could  be 
represented  explioitly  in  the  equation*     These  include  a  wide  variety  of 
teehnologioal  is^rovements  such  as  muchaniiation,  varieties,  and  land 
preparation  techniques*     To  take  into  aooount  the  iuflue&oe  of  these  factors, 
a  time  variable  was  added  to  'the  equation.     In  this  and  o'ther  equations  where 
the  Influenee  of  tine  was  believed  to  enter,  it  was  assumed  tfaat  its  influence 
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on  the  dependant  -nrialjle  mia  at  a  eonatant  rate  over  tine.    Tima  hae  tieen 
treated  this  iiay  In  o«ier  studlea,  (Hildreth,  1,  p.  66). 

The  basle  difference  In  this  equation  and  a  ooiqparable  one  in  a  prerloua 
study  is  in  the  insertion  of  variables  to  Booount  for  the  influence  of  soil 
nolsture.     A  study  by  Bowlen  (4),  p.  1178,  related  first  differences  in 
seeded  acreage  to  first  dlfferenoes  in  adjusted  wheat  prioes.     He  concluded 
that  the  results  were  "hl^y  unsatisfactory."     In  an  attempt  to  improre 
upon  Hie  explanation  of  seeded  acreage.  It  was  belieTed  ii^ortant  to  take 
lute  aeoount  the  Influenoe  of  these  technical  relations* 

Aeraage  Fallowed 

In  wheat  and  sor^naa  production,  the  alternatives  of  continuous  cropping 
Tarsus  rotation  with  fallow  present  an  eoononic  problem.     Farmers  in  Central 
and  Western  Kansas  mat  dedde  how  muoh  land  to  fallow. 

Fallowing  Increases  the  aooujnulatlon  of  moisture  and  helps  control 
«Mda.     The  moisture  added  throu^  fallowing  benefits  the  crops  seeded  on 
ttie  land  the  following  season,  and  in  some  areas,  influences  Hit  crop* 
planted  two  and  three  years  later.    In  this  area,  ooisture  Is  an  important 
produetion  faotor  and  fallowing  usually  increases  Ihe  yields  of  future  crops. 
The  cost  of  fallo^ng  Is  the  loss  of  use  of  the  laud  for  a  year  plus  Ihe  eost 
of  tillage  operations. 

In  a  study  by  Knight  (18)  fbr  selecting  the  superior  f  requeney  of  fallow 
fbr  wheat  in  Finney,  Thonas,  and  Ellis  counties,  he  found  that  wheat  after 
fallow  was  superior  in  Finney  and  Thonas  counties.     His  research  also  indi- 
cated that  fallow  and  three  years  of  wheat  was  the  superior  rotation  for 
Ellis  County.     Gills  County  is  located  near  Boi^n  County. 
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In  a  study  by  might  and  Hoffuui  (29)  on  llie  proflt&blenesi  of  fallow 
for  nilo  production  in  Ellis,  Finney,  and  Thonas  oounUes,  oontinuous  milo 
was  found  to  be  superior  for  Finney  County*     Uilo  after  fallow  was  found  to 
be  superior  systea  in  Thomas  County,  vhlle  Hie  differenoe  in  returns  was  so 
small  in  Ellis  County  that  one  system  oould  not  be  reoonmoided  oTsr  ths 
ether* 

The  total  amount  of  land  fallowed  la  a  eounty  for  a  year  will  depend  on 
deoislons  famers  make  at  a  number  of  points*     Land  fallowed  in  1960  may  ooa* 
from  land  'that  was  seeded  to  wheat  Ihe  preoeding  fall  taut  later  abandoned 
and  not  planted  to  a  spring  orop,  from  land  that  oould  hare  been  seeded  to 
wheat  but  was  not  seeded,  either  to  wheat  or  sorghum  or  other  crops,  or  from 
land  ttiat  was  not  aTailable  for  iriteat  s  eading  and  that  was  not  seeded  to  a 
spring  orop. 

It  was  beliered  'that  'the  partioular  decision  most  influenoing  the  acreage 
of  fallow  was  the  decision  on  acreage  of  wheat  to  seed  In  the  fall.     Because 
it  was  argued  'that  rainfall  in  the  second  ani  third  quarters  (X.)  prior  to 
seeding  time  and  the  prlee  of  viiaat  influenced  'the  amount  of  idieat  seeded. 
It  would  likewise  be  lo^oal  for  'those  'varlsblea  to  appear  in  the  fallow 
equation.     As  In  the  wheat  seeding  equation,  a  low  value  of  X,  or  a  low 
priee  of  wheat  would  discourage  wheat  seeding  because  the  prospeetiTo  Talue 
of  a  crop  would  be  low  rela'tlTe  to  its  opportunity  cost  ('value  of  a  orop 
grown  after  fallow).     Here,  hi^er  fallow  aoreages  'would  be  aotiolpated  whsa 
the  fallow  a-renue  represents  a  high  oppor-tunlty  cost  relative  to  profits  from 
seeding.     The  aoreage  of  wheat  hai-Tested  the  summer  prior  to  seeding  is 
explicitly  a  variable  in  this  equation  because  it  was  believed  that  the 
opportunity  cost  of  fallow  will  be  relatively  hl^er  on  this  ground  than  on 
land  In  fallow  prior  to  seeding  and  that  a  high  proportion  of  'the  oropped 
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land  would  be  fallowed.  It  i«  not  urtiolpated  that  nuoh  land  fallowed  th* 
■ummer  prior  to  seeding  would  be  fallored  again  unless  moisture  eondltions 
were  extremely  unfavorable. 

The  acreage  of  sorghum  harvested  was  related  to  aoreage  fallowed.     Thii 
land  oan  be  planted  to  wheat  only  by  fallowing  or  by  grawing  some  spring 
sown  small  grain  as  oats  or  barley.    Not  all  of  the  sorghum  land  will  be 
fallowed  beeause  some  of  it  will  be  seeded  to  oats  or  barley  and  some  will 
be  seeded  to  row  crops  again  (sorghum  or  oom). 

The  aoreage  harvested  Hie  preceding  year,   (all  orops  azeluding  prairie 
hay,  and  four-fifths  of  the  alfalfa  aoreage)  was  used  as  a  measure  of  county 
size.     Other  things  remaining  equal,  ttie  aoreage  of  fallow  would  be  greater 
in  the  larger  eouoties,  or  it  would  be  greater  in  the  ssme  eounty  when  a 
high  proportion  of  the  agricultural  land  was  used  for  cultivated  orops. 

Fallowing  is  a  new  form  of  technology  that  was  intra  duo  ed  and  first 
used  in  this  area  during  the  overfall  period  of  this  study.     Very  little 
fallowing  was  practiced  prior  to  19S0.     Beoause  there  was  a  lag  in  adoption 
of  this  technique,  it  was  necessary  to  add  a  time  variable  to  the  equatioB. 
The  acreage  fallowed  has  increased  steadily  through  time. 

Other  atiidies  indieated  that  fallow  was  a  profitable  praotica  in  Finney 
County  in  many  years,  but  that  it  was  not  so  profitable  in  Barton  County. 
It  would  be  expected  ttat  the  silastic  Ity  of  aoreage  ehangea  with  respect  to 
Boisture,  wheat  prlee,  and  acreage  of  land  in  iriieat  prior  to  the  time  Uie 
deeisioB  on  iriieat  seeding  was  made  would  be  hi^r  in  Finney  than  in  Barton 
County. 

Wheat  Harvesting  and  Abandonment 

After  wheat  is  seeded,  the  only  other  deaision  farmers  make  that 


influences  the  araotutt  of  -wheat  produoed  and  the  use  to  nhiah  land  is  ooimltted 
is  the  decision  oonoeming  the  acreage  to  harTCst  or  not  hu-vest  (a'bandon)a 
As  before,  they  nould  be  esqpeeted  to  abandon  the  crop  if  it  did  not  pronise 
to  ooTor  variable  costs  at  that  stage  (combining,  hauling,   storage)  and  was 
not  in  sxeess  of  the  promised  returns  from  the  best  alternatiTe  use  to  idiieh 
the  land  could  be  used— •liie  opportunity  cost  of  the  crop  at  that  time  (spring 
or  early  suiaier)> 

The  priee  of  wheat  is  used  as  a  -Tariable  in  Ifals  equation  because  of 
its  influence  on  the  promised  value  of  the  crop«     If  iho  price  of  idieat  is 
high,  it  would  be  reasonable  that  more  idieat  wi'Ui  low  yield  pit)  spects  would 
be  harvested  than  would  be  the  case  if  the  pxloe  of  wfasat  were  low.    A  price 
relative  (ratio  of  wheat  and  sorghum  prices)  was  not  used  because  it  was 
believed  that  the  opportunity  cost  of  this  crop  was  Hie  value  of  a  on>p  of 
wheat  after  fallow  from  Ihia  land  a  year  later« 

The  influence  of  yield  prospects,  whi^  are  necessary  data  for  tite  ooh 
pletion  of  the  assessment  of  the  value  of  the  anticipated  crop,  were  entered 
into  the  fonulaticn*     Tield  prospects  could  not  be  represented  directly< 
It  was  believed  that  yields  are  highly  related  to  rainfall.     The  total  amount 
of  rainfall  for  the  six-month  period  prior  to  seeding  (Z.)  and  fbr  the  sl»- 
BOBth  period  after  seeding  (Xg)  were  used  instead  of  a  sore  explicit  measure 
of  yields. 

It  was  also  hypothesized  that  the  total  acreage  harvested  was  related 
to  acreage  seeded.     It  is  ejected  tiiat  acreage  harvested  increases  with 
increases  in  acreage  seeded,  but  at  a  diminishing  rate  because  it  is  reasoned 
that  for  years  of  large  seeded  acreage,   sone  of  the  additional  acreage  will 
be  on  a  less  fertile  land  or  land  with  less  moistur  e  content.     These  con- 
siderations would  be  reflected  in  lower  yields  for  liieet  seeded  on  land  of 
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this  oharaoter.    Perhaps  a  logarithmle  or  polynomial  equation  would  have 
been  nore  appropriate  In  this  situation.     In  an  alternative  formulation, 
harvested  aoreage  was  related  to  acres  of  iiheat  seeded  after  a  crop  and 
acres  of  fallow.     This  formulation  was  used  beoause  it  was  helleved  that  th« 
proportion  of  the  wheat  harvested  would  bo  smaller  fb  r  wheat  seeded  after  a 
crop  than  for  wheat  seeded  after  fallow.     This  is  basloally  a  soil  aioisture 
problSB  again.     It  would  be  expected  tiiat  the  soil  Bolsture  ooiAant  of  the 
soil  for  wheat  after  wheat  would  be  lower  and  eousequently  yields  would  be 
lower. 

Begression  equations  were  fitted  wilii  both  aores  harvested  (T^)  and 
aores  abandoned  (Yy)  dependant,  «here  T^  =  acres  seeded  (Ti)-Tg,     Although 
the  two  equations  with  the  respective  dependent  varlablea  are  very  similar 
representations,  the  interpretation  associated  with  them  Is  widely  different. 
With  T-  as  a  dependent  variable,  ttie  equation  esUoates  the  acreage  harvested 
straightforwardly.    With  Y»  dependent,  the  equation  helps  locate  planning 
errors  of  famers  In  an  ex  posts  sense.    The  aoreage  of  itieat  abandoned 
represents  errors—farmers  planted  wheat  but  failed  to  harvest  it.    They  nay 
have  made  the  best  deolslon  based  on  their  ex  ante  infoimation  when  tiiey 
decided  to  seed.    At  that  time,  the  ej^eoted  returns  fram  a  crop  may  have 
appeared  sufflelsnt  to  cover  tiie  variable  costs  and  may  also  have  given 
promise  of  exceeding  the  opportunity  costs.     Infomatlon  coming  after  seeding 
time,  concerning  moisture  and  yields,  prices,  and  profitability  of  alternatives 
suggested  a  different  chelae  than  did  the  information  they  used  at  seeding 
time.     Some  fanners  may  not  have  interpreted  the  Inf o  imaU.  on  Ihey  had  at 
seeding  time  properly,  and  others  may  be  paying  with  this  abandoned  wheat 
the  price  of  flexibility  and  the  opportunity  it  provides  for  harvesting  good 
orops  in  those  years  tiiat  the  infonuctlon  beoomlng  available  after  seeding 


tiM*  It  faremble  from  the  standpoint  of  pnflti  from  th«  ourrent  nlieat 
•rep*    Here  !■  objective  evldcDoa  on  farmers  naklng  ths  "Type  I  error,"  l.e*, 
taUag  action  when  they  shouldn't*     It  is  not  as  easy  in  llils  study  to 
analyse  the  "Type  II  error,"  i»e.,  not  taking  aetion  when  they  should. 
These  would  he  farmers  who  failed  to  plant  whsat  lAen  Hiay  should  hATe« 

Studies  of  unharvested  portions  of  a  crop  have  been  reported.    Suits 
(14),  pp,  2S9>240,  related  the  ^lantity  of  watermelons  harvested  to  the 
quantity  available  for  harvest  and  a  ratio  of  watermelon  prices  to  wag* 
rates.     Suits  and  Eolsaml  (16),  p,  478,  related  the  unharvested  crop  of 
onions  to  the  current  price,  harvesting  coat,  fam  wage  rate,  and  quantity 
available  for  harvest.    Costs  were  not  entered  ezplioitly  Into  the  wheat 
harvest  equations.     The  big  eost  of  a  orop  Is  ths  opportunity  oosts  and  a 
oost  Index  would  affect  the  opportunity  oo  st  relatively  about  the  same  as 
the  variable  cost  for  the  orop  in  question.     Therefore,  it  could  be  reasoned 
that  oost  levels  would  not  affeot  the  relative  profitableness  of  different 
alternatives,  wheat  orop  raaainlng  to  be  harvested,  versus  sorghum,  wheat 
after  fallow,  etc.     Costs  would  help  determine  whether  the  value  of  a  crop 
would  pay  for  the  harvesting  costs.     Here,  too,  ecats  are  more  stable,  and 
it  would  usually  be  the  Influaioe  of  fluotuationa  in  yields  and  prices, 
factors  determining  whether  a  crop  is  worth  harvesting,  ttat  would  be  detected 
by  regression  analysis. 

All  Sorghum  and  Drain  Sorghum  Harvested 

Since  'Oiere  were  no  data  on  Ihe  acreage  seeded  to  sorghums,  decision 
equations  con^arable  to  either  the  iriieat  seeding  equation  or  'Uie  abandonment 
equation  were  not  possible.     However,  it  was  believed  that  the  equation 
•i^lainlng  the  acreage  of  all  sorghums  and  grain  sorghums  harvested  would 
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rafleot  aoma  of  the  deeiaiona  Vha-t  famera  mke  In  regard  to  the  planting  of 
aoTglnina* 

The  land  farlablea  tor  thia  equation  fall  Into  three  oategorleai     aerea 
of  all  oropa  harreated  ths  prerloua  year,  or  Xjgj  the  aorea  of  wheat  abandoned 
In  the  aprlng,  or  7-|  and  the  aorea  of  idieat  aeeded  the  previoua  fall,  or  T.. 

The  acreage  of  all  crops  harvested  mis  used  to  glre  an  indication  of 
county  alze  or  total  cropland  available^    Aa  noted  In  the  declalon  pattern, 
aorghum  could  be  planted  on  all  land  except  that  planted  to  wheat  and  -Uie 
wheat  not  abandoned.     For  tint  reason,  Tj^  end  T^  were  included  in  the  f  ormu« 
latloBt     It  waa  believed  Hmt  a  large  proportion  of  tfara  abandoned  wheat 
land  waa  planted  to  aorghum,  expeeially  if  the  opportunity  coat  (value  of  a 
crop  of  wheat  after  fallow)  la  leaa  than  the  expected  value  of  the  aorgfaua 
erop«     The  price  ratio  of  aorghum  and  wheat  Tiaa  used  to   detect  the  Influenoe 
of  Hie  expected  profitability  (aside  from  yields  and  ooata)  of  aorghum  and 
wheat  after  fallow  on  the  acreage  of  sorghum* 

Once  a  crop  of  aorghum  la  aeeded,  and  if  It  appeara  it  haa  little 
poaalbillty  of  covering  the  coata  of  tervesUng,  It  la  reaaonable  to  believe 
that  faraera  would  abandon  the  crop  and  divert  Ihla  land  to  wheat,  ei'ttier 
seeded  that  fall  or  fallowed  for  a  ceding  a  year  later.     But  ttiia  la  dependent 
on  the  amount  of  moisture  reoeived  during  the  crucial  period  of  the  aorgfaua 
growing  season.    Although  it  waa  not  poaaiblo  to  draw  upon  results  from  other 
studies  or  upon  a  priori  knowledge,  it  appeared  reasonable  to  tue  the  total 
prooipltation  reoeived  for  the  three-month  period  of  July  1  to   Ootober  1,  or 
Xg,  for  this  variable.     Beeause  all  of  the   sorghum  would  be  planted  by  July 
or  soon  thereafter,  this  raeaaurea  indirectly  the  amount  of  abandonmoit  and 
puta  the  equation  in  an  aorea  harvested  form.     Without  this  variable,  the 
equation  would  be  appropriate  for  es^laining  aeeded  aoraaga,  not  harvested 


aereage,  the  only  acreage  that  could  be  estinated. 

To  talce  Into  aeeount  the  effects  of  those  yariables  ehaagloe  irlth  time 
but  not  measurable,  the  variable  tlae  was  added. 

The  above  variables  wore  used  in  different  formulations  to  e:q>laln  both 
the  total  aoraage  of  sorghum  harvested  and  acres  of  grain  sorghum  tervested. 

No  measure  of  fall  and  winter  precipitation  was  used  in  -Uiese  equations. 
Although  it  was  believed  that  this  moisture  would  increase  the  prospective 
value  of  a  sorghum  crop,  it  would  probably  increase  tits  prospeottre  value  of 
a  sorghum  crop  less  than  Vtie  opportunity  cost  of  a  crop  of  wheat  after  fallow. 

It  la  believed  that  farmers  in  Central  and  Western  Kansas  would  prefer 
to  grow  wheat.     Some  famers  produce  sorghum  for  llvestoek  feed,  and  some 
probably  grow  some  sor^um  for  the  risk  rediotlon  possittlities  associated 
with  diversification.     Otherwise,  it  Is  hypoHie si «ed,  sor^um  is  produced 
largely  in  those  Instances  in  iriiioh  its  opportunity  cost  is  low  relative  to 
profits  from  wheat  production.     Famers  have  equipmsnt,   storage  facilities, 
and  technical  knowledge  better  adapted  for  wheat  production,  but  sufficiently 
versatile  that  sorghum  can  be  produced.     The  variability  of  yields  is  greater 
for  sorghum  than  for  idieat,  and  sorf^um  does  not  provide  as  much  pasture  aa 
*eat.    Unless  proper  tillage  practices  are  followed,  erosion  both  from 
water  and  wind,  la  a  greater  probltm  with  sorghum  than  with  iriieat. 

PHODOCIIVITI  OF  RKSODRCBS 

The  total  amount  of  vdieat  or  sorghum  pro  due  ed  la  detemined  by  the 
quantity  of  resources  committed  to  their  prediction  and  by  the  physical 
productivity  of  these  inputs.     To  complete  the   study  of  production,   it  is 
Beoessary  to  analyse  the  forces  behind  tiie  productivity  of  resources  used  to 
produce  'Uiese  crops.     Becanse  value  productivity  (of  idileh  physical  produe- 
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tlTltjr  It  a  part)  Influences  Hhe  allooation  of  resouroea,  tlie  decision 
equations  and  the  produoti-vlty  equations  will  ntmifest  narJiBd  similarities* 
In  mny  oases,  varialiles  vlll  appear  In  \>oiti  and  the  loglo  behind  their  usa 
will  be  parallel  in  the  two  types  of  equations* 

By  studying  the  produotivity  of  the  rarious  resouroes  coiraitted.  It  la 
possible  to  attach  valuations  to  the  different  resouroes,  and  Insights  will 
be  gained  relatlTo  to  famers'  use  of  appropriate  strategies  under  sijsilar 
oonditiotts* 

vvheat  Production 

It  was  hypothesized  that  irtieat  produoiion  was  primarily  refleoted 
through  the  amount  of  rainfall  and  land  oonsltted  to  It*     The  acreage  of 
land  oomnltted  to  nheat  production  falls  into  two  oategDriesj   land  that  had 
been  fallowed,  or  Y.,  and  land  on  which  a  orop  had  been  harvested  iha  previous 
year,  or  Tg*     The  amount  of  eaoh  of  these  categories  of  land  committed  was 
detenuined  by  the  decisions  made  at  various  dates* 

The  acreages  T.  and  Tg  were  not  aggregated  into  one  acreage  total  aine* 
it  is  generally  believed  that  land   in  Hm  two  categories  is  different*     To 
argue  this,  the  dlffersnee  in  wheat  yields  between  wheat  on  fallowed  and 
eontlnuous  vAieat  was  Inspected  for  the  two  counties*     The  only  data  available 
trare  for  the  years  1947-e4,  but  It  is  reasonable  that  this  eight-year  period 
eould  be  an  indication  of  what  could  be  expected  for  Hia  irtiole  period*    In 
Finney  County,  Hia  average  aora  yield  of  irtieat  on  fallowed  land  was  13*8 
bushels  compared  to  10*0  bushels  for  continuous  vtoat*     In  Barton  County, 
the  yields  were  18.2  bushels  for  wheat  on  fallow  compared  to  13*5  bushels 
for  continuous  wheat  (20).     In  the  study  by  Knight   (18),  p*   SO,  it  was  found 
that  when  residual  effeots  were  reoognised,  the  optimum  rotation  for  Bills 
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County  Included  fallow  and  three  erops  of  wheat* 

If  soil  moiitore  readings  would  have  been  aTailahle  at  seeding  time, 
•B  aggregate  ■ssiiure  of  land  cosmltted  to  whsat  production  would  haTS  been 
used  where  measures  of  aores  and  moisture  would  both  have  been  refleoted. 
Lacking  these  measures  of  soil  moisture,  land  was  grouped  as  described  abo7e« 

As  stated  in  the  hypothesis,  moisture  was  believed  to  be  the  oliier 
faator  determining  wheat  pnduotion.     It  ^>peared  reasonable  to  aggregate 
the  moisture  reosdved  into  three  categoilesi     moisture  received  for  a  sl>> 
month  period  from  April  1  to  October  1,  one  jwar  prior  to  seeding  tine,  or 
Z-.   .|  moisture  recelTed  for  a  slx-coonth  psiiod  from  April  1  to  October  1, 
just  before  seeding  time,  or  Zji  and  nuisture  reoelTed  for  a  sixHmonth 
period  after  seeding  from  October  1  to  April  1,  or  X.,    The  variables  Z^  and 
X.  enter  this  equation  with  the  same  logio  as  In  tin  iriieat  harvesting  and 
wheat  abandonment  equations;  Xgt-l  "**"  because  it  is  believed  that  the 
amount  of  rainfall  received  in  this  period  Influaaced  the  amount  of  soil 
moisture,  eicpeoially  the  subsoil  moisture.     It  is  generally  known  that 
successive  dry  years  or  suecassive  wet  years  arc  eumulative  in  their  effect 
on  the  amount  of  moisture  in  Ihe  soil.     The  amount  of  mois'ture  in  the  soil, 
where  a  dry  yoeu:  followed  a  wet  year,  is  greater  than  for  two  dry  years,  but 
leas  than  for  two  wet  years. 

One  of  the  main  factors  affaotlng  wheat  production  Is  Ihe  stand  and 
early  growth  obtained,  and  ihis  is  a  result  of  the  tuaouitb  of  soil  moisture 
at  seeding  time.     It  was  not  known  exactly  what  period  of  rainfall  should  be 
used  for  soil  moisture,  or  how  it  should  be  used.     Siooe  most  of  tl«  annual 
rainfall  for  Central  and  Western  Kansas  falls  during  the  six-month  period  of 
April  1  to  October  1,   it  seemed  reasonable  to  use  the  total  precipitation  of 
this  period.     Even  though  some  of  the  April,  Uay,  end  June  rainfall  would  be 


used  on  the  land  lAiioh  a  crop  had  been  harrested  the  prarious  sunner,  some 
of  the  moisture  would  renftin  in  the  soil* 

The  third  measure  of  moisture  used  in  'Uiis  fonoulation  -was  tiie  si:^ 
month  period  follovdng  seeding  tine,  October  1  to  April  1>    Although  the 
•mount  reoeived  during  this  period  is  usually  small,  this  moisture  is  sus- 
peeted  to  contribute  in  explaining  viieat  production*     This  may  be  espeeially 
true  if  Itiere  ms  little  soil  moisture  at  seeding  time*     In  addition  to  tti» 
direct  relationship  on  produotlon.  It  was  beilieTed  that  the  moisture  receired 
in  this  period  «ould  eliminate  soil  blowing  and  wind  erosion  -thereby  harlng 
an  indiraot  relationship  on  production* 

mthin  the  time  period  the  study  covered,  improTed  varieties  of  wheat 
have  been  seeded  in  this  area.    Varieties  ha  to  been  intnduoed  -that  are 
resistant  or  Ibbuw  to  the  various  diseases  that  reduced  irtieat  yields  in 
earlier  years*     To  take  into  aecouni;  liiis  iiqs-07ement   in  technology,  an 
index  of  yield  ability  (X.)  was  included  in  tiiis  equation* 

Not  all  of  the  factors  having  an  influence  on  wheat  pzoduction  oould  be 
represented  in  this  formulation.     It  was  not  possible  to  specifically  repre- 
sent the  ixt^rovments  in  teohnology,  such  as  mechanisation  and  tillage 
operations*    To  take  into  account  the  Iniluence  of  these  faetora.  a  tla* 
variable  was  added  to  the  fonulatiou* 

Ho  variable  reflecting  the  influmee  of  piioe  appears  in  the  fonula- 
tlons*     Price  was  hypothesised  to  influence  the  acreage  and  moisture  eomiitted 
to  idieat  production,  but  these  variables  are  giv«D  in  this  equation*    Onea 
wheat  has  been  seeded,  there  are  few  decisions  famers  can  nsJce  Ihat   influ- 
ence pro&ction*     The  sole  exoeptton  is  the  decision  on  acreage  harvested* 
Here,  it  was  argued  that  price  was  iiqjortant,  but  oven  so,   it  would  suggest 
to  famers  that  the  wheat  with  lower  yield  proqpeots  be  abandoned,  and  it  is 
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Dot  bellared  tiuit  tha  daeicion  ta  abacden  a  large  acreage  because  of  piiae 
would  influaase  prodootlou  t^preoiably.    For  tha  period  studied,  ii^uts  that 
Bight  be  varied  easily  in  iresponse  to  price,  as  fertiliser  and  irrigalioD, 
mre  used  very  little  in  this  area.     It  is  anticipated  that  a  oonslderalile 
acreage  will  be  both  fertilised  and  irrigated  in  the  future. 

Alternative  forms  of  the  relation  were  studied.    A  funotion  linear  in 
actual  values  of  Hio  variables  and  a  function  linear  in  legs  of  the  variables 
were  tested.    The  logarithmic  function  was  studied  beeanse  it  was  believed 
the  productivity  of  some  of  the  resources  was  at  a  diminishing  rata,  and 
that  the  marginal  productivity  of  some  resouroes  was  related  to  the  quantity 
of  other  resources  employed. 

It  is  known  that  not  all  of  the  factors  influenoing  wheat  produotlon 
are  explielt  in  the  ecjuatlon.     These  variables  el-ttier  ware  not  msasunlhle, 
or  it  was  not  known  how  to  aggregate  them.     Examples  inolude  hot  winds,  hail, 
insects,  disease,  floods,   rains  at  harvest  Impeding  or  preventing  harvest, 
and  weeds.     It  was  assumed  aatt  their  Influenoe  was  random,  and  it  is  likely 
that  this  was  at  least  approximately  the  case  and  t}sit  111  ere  is  no  bias  in 
the  results  associated  with  the  influanee  of  these  fastors  not  studied. 

mwat  Tialda 

The  objective  of  -these  equations  was  to  derive  prodiotlvlty  estimates 
for  a  fixed  technical  unit.     The  equations  were  set  up  with  land  the  teehnl- 
eal  unit,  and  output  was  measured  in  terms  of  yield  per  harvested  aore,  T,« 
To  represent  the  influenoe  of  fallowing  on  -rtieat  yields,  th>  pero«Dtage  of 
wheat  seeded  on  fallow  (.\,)  was  used  as  a  variable.     Except  for  the  use  of 
Yj  for  Ys*  '^^  ^14  ^'""  ^6  '^'^  ^9»  ***"  yield  formulations  were  identical  to 
the  production  formilations,  including  the  analysis  of  the  alternative 
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foms  (funotlons  littear  In  actual  rkluea  and  funotiom  linear  In  loga). 
Qiraln  Sorghum  Yield* 

A  production  function  was  darlved  to  dstentine  the   fticters  that  affaet 
the  average  grain  eorghum  yield  per  harvested  aore>     An  acre  of  land  again 
was  used  as  the  fixed  teohnloal  unit.     The  hypotiieais  for  this  formulation 
■was  that  the  yield  of  grain  sorghums  was  primrily  reflected  Ihrough  Mi» 
■mount  of  moisture  and  fallowed  land  oonmltted  to  it* 

The  moisture  variables  for  this  formulation  were  grouped  Into  three 
eategorlest     preolpltation  for  the  six-month  period  April  1  to  October  1  of 
the  preoediug  year,  or  Xgj  preolpltation  received  for  the  slx-nonth  period 
from  January  1  to  July  1,  or  Xj^qI  and  preolpltation  reoeived  for  the  thre»> 
month  period  from  July  1  to  Oetober  1,  or  X-. 

If  readings  of  soil  moisture  would  have  bean  avuilabla  at  seeding  time, 
thay,  plus  the  moisture  received  after  seeding,  would  have  been  used.     These 
readings  were  not  available,  and  precipitation  variables  were  substituted. 
As  discussed  above  for  'Uie  wheat  seeding  formulation,  knowledge  was  not  at 
hand  as  how  to  treat  these  precipitation  mriables  used  as  an  indloatlon  of 
■oil  moisture.    However,  It  seemed  reasonable  to  use  X,  aa  an  indication  of 
soil  moisture  aa  in  the  wheat  production  fonmilation.     It  is  reasoned  that 
Xj  will  serve  as  a  measure  of  the  amount  of  aubsoil  moisture  available  for 
sorghum. 

The  amooiit  of  preeipitatlon  received  for  the  sl»>month  period  from 
January  1  to  July  1  was  believed,  together  with  Xg,  to   influemoe,  to  a  large 
extent,  the  stand  and  early  growth  obtained.     Although  the  variable  is  Inoon- 
slstent  with  the  variables  of  previous  formulations,  by  ttie  fact  that  moisture 
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reoelred  before  and  after  seeding  «aa  oombiued.   It  wis  not  belleTod  that 
this  would  affeot  the  results  appreciably^ 

Although  soil  noisture  at  seeding  and  moistoro  laosdlataly  after  seeding 
affeot  yield  indirectly  by  the  stand  that  is  obtained,   it  «as  beliered  that 
the  moisture  receiTed  in  the  aid-summer  laanths  had  the  largest  influenoe  on 
yields*     To  take  into  aocouot  'the  effeot  of  this  moisture,  the  total  precipi- 
tation for  the  three-month  period  from  July  1  to  Oetobar  1  nas  used, 

Another  factor  that  was  believed  to  influenoe  yields  was  the  amount  of 
sorghum  seeded  on  fallow.     In  a  study  by  Knigfat  and  Hofften  (23),  p«  40,  it 
was  found  that  a  per  aera  yield  for  eontinuous  milo  and  milo  after  fallow 
differed  by  9,76  bushels  in  Finney  County  and  by  14.97  bushels  in  Ellis 
County,     Although  these  data  were  from  oontrolled  e:q>erlmental  plots,  it  la 
reasonable  to  beliere  that  the  county  results  would  be  somewhat  similar^    Ho 
data  were  a-rallable  as  to  the  aoraaga  seeded  on  fallow,  but  it  was  beliered 
to  be  <iuite  small.     However,  due  to  Hxt  differenoe  in  yields,   even  a  small 
acreage  of  sorghum  seeded  on  fallow  oould  increase  'ttie  average  yield.     Since 
there  were  no  data  on  the  acreage  of  sorghum  seeded  on  fallow,  and  a  complete 
a  priori  knowledge  was  not  at  hand,  it  seemed  reasonable  to  use  the  total 
acreage  fallowed  the  previous  year  on  the  assumption  that  the  aoreage  of 
sorghum  seeded  on  fallow  would  be  reflected  by  this  Tariable, 

B«t  all  the  faotors  influeneing  sorghum  yields  eould  be  represented  in 
the  f  onulation.     These  include  a  wide  variety  of  teohnologioal  ii^rovements 
eueh  a«  mechanization,   disease  treatment,  tillage  practices,  and  varieties. 
To  take  into  account  the  influenoe  of  these  faotors,  which  are  assumed  to 
have  changed  at  a  oonstant  rate  over  time,  a  time  variable  was  added  to  the 
equation. 

The  other  possible  faotors,  iriiese  Influence  was  not  studied  but  was 
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assumed  random,  eould  be  listed  here  as  for  the  vheat  produotion  fomalation* 
Again,  It  is  bellered  that  the  results  remain  unbiased. 

EMPIRICAL  RESULTS 

For  eaoh  fonulatlon  studied,  the  following  informtlon  vas  presentedi 
r2,   "a"(the  y  iBtero^),  units  of  measure  for  all  -variables,  mean  -values 
for  all  variables,  "b'a"  (ooefflolents),  and  "t"  -values  for  all  Independent 
-variables. 

The  results  for  the  abandonment  equation,  Yf  s  f (Zj,  Xg,  Xg,  X\), 
Finney  County,  are  interpreted.    The  results  ftor  other  etjuations  -muld  be 
interpreted  similarly.    Units  of  measure  for  Y7,  X2.  Xg,  Xj,  and  Ij  wore 
thousands  of  aores,  ten-ths  of  luohes,  tenths  of  inohes,  dollars  per  bushel 
multiplied  by  100,  and  thousands  of  aores,  respeoti-vely.     The  value  of  Y7 
can  be  predloted  by  adding  to  "a"  the  inner  product  of  the  b's  and  the 
quantities  of  Independent  -variables,  measured  in  -the  units  defined  above. 
Fbr  all  variables  measured  at  the  means,  Y7  =  66.540600  »  124.210672  -  0.452662 
(1S9. 783800)  -  0.669699  (48.054100)  -  0.239098  (132.513600)  -t-  0.SS242S 
(194.243200).     It  is  not  neoessary  that  mean  values  be  enqployed.     Any  values 
for  Independent  -variables  -that  are  -within  the  range  of  the  data  nay  be  used, 
but  the  s-tandard  errors  for  the  predloted  values  are  mlninum  for  predietious 
based  on  mean  -values  of  all  variables. 

The  interpretation  of  -the  ooefficleDts  is  illustrated  as  followst     an 
increase  in  Xg  (inohes  of  rainfall  the  previous  April  1  -to  Oo-tober  1  period) 
by  one  unit  (one  tenth  of  an  Inoh)   decreased  abandonment  by  0.4S2562  units 
(thousands  of  aores)  or  462.562  aores,  on  -the  average,  for  -Uie  period  1917-53, 
with  -the  effeots  of  o-ther  independent  -variables  given.     Similarly,  for  the 
•ff aota  of  other  independent  -variables  held  eonstant,  an  inerease  In  Xg  by  a 
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tenth  of  Ml  Inch  iiaa  assooiated,  on  Ifae  average,  irith  a  reduction  of  669.699 
aorea  of  wheat  abandoned.     iDoreases  In  X;  by  a  unit  (one  oent)  were  assooiated 
with  a  reduetlon  of  ZS9.098  acres  abandoned,  the  effects  of  Xj,  Z5,  and  T^ 
being  taken  Into  account.     Lastly,  inoreaaes  in  Yj^  by  one  unit  (thousand 
acres)  were  associated  with  an  inereaae  In  acreage  abandoned  of  0.3S2425 
units   (in  thousands  of  acres)  or  352.425  aores.    With  effects  of  other  varia- 
blet  held  oonstant,  deeraaaea  in  Xf,  Xg,  and  Xs  were  assooiated  wlUi  inoraaaM 
In  T7,  and  deoreasea  in  T^  were  associated  with  increases  in  T7. 

Equation  IS  is  linear  in  logs.    The  ooeffieicDts  for  the  independent 
variables  are  elastieitlea,  and  each  coeffldent  indicates  (assuming  the 
effects  of  other  larUbles  are  held  oonstant)  the  peroentago  change  in  Tg 
associated  with  a  one  percent  change  for  iSti^  variable  under  ezajginatlon.     For 
ezai^le,  in  the  equation  for  Barton  County,  Yg  •<  f(Z9,  X^g,  Xg),  a  one  percent 
change  in  Xg  was  associated,  on  Ibe  average,  with  a  0.793606  percent  change 
in  Yg,  the  affects  of  Xg  and  Xj^q  remaining  fixed. 

Equations  8  and  10  are  mixed,  that  is,  some  ooeffioicDts  are  for  varia* 
blea  eoBverted  to  logs,  and  seme  ooefficients  are  fbr  actual  values  of  th« 
variables.    For  Equation  6,  Barton  County,  Xg  o  f  (Xg,  Yg,  Yg,  Xg^-l,  T^x^* 
the  ooeffioient  for  X,  (where  Xj  la  in  logs)  Indicates  that  a  one  percent 
change  In  Xj  waa  asaooiated  with  a  0.343376  percent  change  in  Yg.    The 
eoeffioiant  for  3kg  indlcatae  that  a  one  unit  change  in  Xj^g  (a  change  of  on* 
year)  waa  aasooiated  with  a  change  of  0.01537S  units  of  Yg,  liiere  a  \init  of 
Yg  is  the  log  of  hundreds  of  bushels. 

In  some  oases  several  formulations  of  eaoh  equation  were  studied.     If  a 
variable  was  used  in  a  particular  fomulation,  a  "b"  and  "t"  value  will 
appear  in  the  row  for  the  formulation  and  In  the  column  for  the  variable. 
If  a  vmrlable  was  iwt  uaad  in  scbi*  particular  fonulation,  no  1"  or  "t" 


w 


ftLlu«  will  appear  In  the  oell  irtisre  the  roir  for  the  f ommlatlon  and  th« 
eolumn  for  the  varlahle  lofcerseot.    For  e3caiiq>le,  for  the  alxuuloimeet  eqaa* 
tloB,  Punotlon  (a)  Xj,  Xg,  Xj,  Tg,  and  Yg  were  used  as  independent  variables, 
and  the  consequent  values  for  R^  and  "a"  were  28.45  perosnt  and  1962.392161, 
respeotlvelj'.     However,  for  Funotlon  (b),  only  Xg,  Xg,  and  X3  were  used 
while  Tg  and  Tg  were  not  used.    With  only  the  effects  of  iiiese  three  ind«> 
pendent  variables  studied,  E^  "  23.35  percent  and  "a"  =  1243.623191. 
Throughout  the  tables,  K^  was  measured  in  percent,  and  "a*  was  measured  in 
the  same  units  as  the  dependent  variable  except  for  Equations  8  and  10,  where 
"a"  la  left  in  log  form  and  the  true  intercept  would  equal  the  antilog  of 
the  log  givttu 

Hheat  Seeding 

The  fomilatlon  used  to  e^^lain  variations  in  seeded  acreage  of  vdteat 
for  Finney  County,  1917-53,  aooounted  for  nearly  87  peroeut  of  the  sum  of 
s<]aare8  of  seeded  acreages  about  the  mean.     Some  of  the  coeffioltbts  ware 
reasonable  statlstioally  and  logically]  others  were  not.    Effects  deteeted 
for  harvested  cropland  avallAble  fbr  wheat  (X^g),  acres  of  wheat  abandoned 
(t>f),  aad  time  (X^s)  were  oonsistent  with  the  hypotheses.    The  ooaffloisnt 
for  acres  fallowed  (Tg)  was  not  logloally  acceptable.     It  was  hypothesised 
that  fallowed  land  would  tend  to  increase  the  acreage  seeded,    ^nrever,  Tg 
was  highly  correlated  with  Xj^g,   (0.902409)  making  their  separate  effects 
difficult  to  detect.     The  coeffloletits  for  rainfall  prior  to  seeding  (Xg) 
and  the  price  of  wheat  (X3)  were  neither  statlstioally  acceptable  nor 
plausible. 

In  the  ahort-ron,  farmers  in  Finney  County  apparently  respond  to  the 
■toeks  of  resourees  in  deoiding  how  mueh  wheat  to  seed.    No  erldenee  waa 


deteoted  that  flurmars  reaot  to  the  prospectl-ro  vslus  of  the  crop  at  seeding 
tine,  as  reflected  by  Xj  and  Xg. 

Three  functions  were  used  to  explain  acreage  of  wheat  seeded  for 
Barton  County,  1917-S3»     The  suoeess  of  these  regressions,  as  measured  by 
H^,  was  limited  in  each  oase.    The  ooeffioients  wore  not  stable  aioong  func- 
tions, and  nany  of  the  ooeffioients  were  satisfactory  neilher  on  a  priori 
grounds  nor  en  statistleal  grounds.    Anong  the  three  trials,  the  value  of  r2 
was  necessarily  largest  for  Funstion  (a)  Yi  "  fCXg,  Xxs,  I5,  X12.  T7,  Tj), 
but  only  two  ooeffloints  were  significant  and  one  of  than  was  not  logical. 
The  negatlTe  eoefficicDt  attached  to  Tg  is  not  believed  to  describe  the  real 
relation* 

Punotlott  (b),  Yi  s>  f (Xj,  Xxs«  ^S*  ^igf  fj)  explained  a  smaller  pereent- 
age  of  the  total  variation,  but  the  coefficients  for  Xg,  Xu,  and  T7  were 
more  acceptable  than  in  Function  (a).     Function  (o)  was  not  satisfactory* 

Because  the  functions  for  the  entire  period  1917-63  for  Barton  County 
were  not  considered  satisfactory,  the  period  was  divided  into  three  sub 
periods  and  functions  were  fitted  for  each  of  the  separate  periods*    The 
number  of  degrees  of  freedom  for  each  period  was  small, 

1917-19S0.     This  was  a  period  of  largely  horsedrann  machinery,  no  fallow, 
and  declining  wheat  prices*    The  fomulations  for  this  particular  period  were 
not  adequate*     Except  for  the  coefficients  attached  to  X>  r  in  the  two  fone- 
tiona,  none  of  the  eoefficients  were  statistically  different  from  sero* 

1981-1940,  This  was  a  peilod  of  improvement  in  technology,  eiqpeeially 
mschanlzation  and  fallowing.  It  was  also  a  period  affected  considerably  by 
drought  and  low  wheat  prioes* 

Funetions  (a)  and  (b)  ware  the  only  satisfactory  fonulationa  used  for 
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Bartss  County*    With  the  exoeptlon  of  the  tmplaualble  and  uuexplalnable 
signs  attaohed  to  aoeffieienta  for  X«,  the  eoeffielents  reflected  relations 
as  hypothesized*     In  this  period,  farmers  responded  to  prloe  and  resource 
stocks  (land  measured  hy  Xyg  and  T7]a     It  is  clear  that  they  responded  to  Jf» 
Function  (o),  ivhere  T7  nas  not  used,  mis  not  satisfaotory<    Although  little 
can  he  generalized  from  Funotlous  (a)  and  (h),  as  there  are  only  three  and 
four  degrees  of  freedom,  reepeotlTely,  there  is  svldeboe  iiiat  during  the 
depression  these  farmers  responded  to  price* 

1941-1958.     The  improTenient  in  technology  continued,  but  rainfall  amouBts 
and  -nheat  prices  were  above  the  1931-1940  levels.     In  the  effort  to  explain 
wheat  production  during  this  war  and  post-^mr  period,  a  value  of  89.80  pei^ 
cent  was  obtained  for  R^.    nbwerer,  illogical  coeff loietits  were  obtained  for 
this  foimulatlon.     This  was  undoubtedly  due  to  the  high  interoorrelatlon 
between  a  number  of  the  variables,  making  it  impossible  to  Isolate  the  effects 
of  changes  in  the  Independent  variables. 

The  fomulations  used  to  ezplain  seeded  acreage  were  at  best  only  a 
modest  improvement  over  ^e  work  by  Sowlen.     There  was  little  evldmoa  that 
fanaers  responded  to  the  prospective  value  of  the  orop,  as  reflected  either 
by  prloe  or  soil  moisture.     There  nas  oonalderable  evidence  that  they  responded 
to  average  resouroe  stocks,   especially  Yj  and  X...     The  acreage  of  1j  is 
es^lainsd  In  ano'Uier  equation.    The  e:iq)lanation  of  X-^g  would  involve  a  more 
loB^run  type  of  study  than  was  undertaken  here. 

Acreage  Fallowed 

Variations  in  the  acreage  of  fallow,  1931-1953,  were  more  coaqpletely 
e:qplalned  for  Finney  -tlian  for  Barton  County.    Values  for  E^  for  Finney  County 


mre  approzimately  85  percsnt  in  all  fonculatiozu  derived,  but  irere  only 
49alT  to  Z9<23  percent  in  Barton  County*  Coefficients  were  stable  and  log!- 
eaX  tor  precipitation,  Xj,  acreage  of  all  sorghums  harvested  the  previous 
year,  Xjj,  and  time,  X^g,   for  Finney  County  tmd  only  for  price,  Xj,  for  Barton 
County.  Fallowing  was  more  important  in  Finney  County,  both  in  terns  of 
acres  and  percentage  of  total  cropland. 

A  previous  study  demonstrated  'that  profits  froa  wheat  after  fallow  were 
greater  than  from  oontlnuous  wheat,  but  that  there  were  years  the  former  waa 
mere  profitable  and  that  there  were  o'Oier  years  -that  the  latter  method  was 
superior.  In  some  of  the  years,  profits  from  continuous  i4»at  were  oonsi&> 
erably  greater  than  from  idieat  after  fallow.  Therefore,  it  is  plausible  that 
faiBers  in  Finney  County  would  be  responsive  in  their  use  of  fallow  to  the 
stimuli  studied  here. 

Other  things  being  equal,  in  Finney  Coonty  the  aoraage  fallowed  decreased 
with  increases  in  rainfall  prior  to  wheat  seeding,  and  vioe  versa,  and  the 
coefficient  was  large  relative  to  its  standard  error.  In  Barton  County,  no 
effect  of  rainfall  prior  to  seeding  time  on  acreage  fallowed  was  detected. 
This  relation  is  quite  reasonable.  Preeipitation  in  Barton  County  from 
April  1  to  October  1  averaged  17.9  inohes  for  the  po-lod  19S1-195S,  which 
was  considerably  greater  than  'the  13. S  inohes  average  in  Finney  County,  and 
'the  average  amount  ooning  after  seeding  'time  was  measurably  greater.  In 
Finney  County,  idiere  the  average  preoipitation  is  less,  'the  onoiuit  of  rain- 
fall prior  'to  seeding  plays  a  oruolal  part  in  explaining  how  much  land  will 
be  fallo'wed.  Farmers  in  Barton  County  apparently  seed  even  idien  the  soil  it 
dry  because  fall  and  winter  preoipitation  is  greater  than  in  Finney  County, 
and  a  good  orop  could  s'tlll  be  harvested. 

In  the  fonmilation  in  idxieh  the  price  of  wheat  was  ineluded,  H^  waa 


iBoreased  by  6  peroant  for  Barton  County,  tiut  studying  the  offsets  of  prloa 
did  not  Inoreaae  K^  for  Finney  County«    The  price  eoeffiolenta  for  Barton 
County  were  signlfioont  at  20  and  6  peroent  lerele,  vhile  the  ooeffiolente 
for  Finney  County  were  not  signifioaut  at  the  80  peroent  l<rvel.    There  la 
erldenoe  that  farmers  In  Barton  County  consider  Ihe  price  of  wheat  in  making 
their  deoislons  on  the  afflount  of  land  to  fallow*    Fantera  in  Finney  County 
apparently  reaponded  laore  to  yield  prospects,  aa  reflected  by  preeipitationf 
than  to  prioe  in  deciding  lAsther  to  seed  wheat  or  to  fallow* 

The  coeffloients  for  acreage  of  sorghum  harvested  llie  previous  year 
were  positlTe  and  al^ifioant  at  the  10  pereeot  level  for  the  fonaulations 
for  Finney  County.    For  Biurton  County,  the  eoefficlanta  were  negative,  but 
signifleant  at  the  80  and  SO  percent  levels.    However,  aioee  precipitation 
is  the  eruoial  factor  in  Finney  County,  it  is  quite  reaaonable  that  moat  of 
the  sorghum  land  would  be  put  into  fallow.     In  Barton  County,  vAvere  there  la 
a  higher  winter  and  spring  rainfall  average,  this  land  was  probably  sown  to 
other  crops  and  not  left  for  fallow. 

The  eoeffioient  for  acres  of  wheat  harvested  the  previous  year  (Ta)  was 
not  Blgnlfiesuit  at  the  60  peroent  level  for  Finney  County,  but  was  mre  pre- 
else  for  some  fomulations  for  Barton  County.     The  previous  study  cited 
above  indloated  that  the  optiam  aaount  of  fallow  in  the  Barton  County  area 
waa  fallow  after  three  crops  of  wheat.     Poriiapa  a  variable  reflecting  •Bie 
acreage  of  idieat  for  a  period  longer  than  a  year,  perhaps  Utarue  years,  would 
have  improved  the  formulation.     However,  the  negative  coefficient  for  acres 
for  all  crops  harvested  (Xig)  «as  significant  at  the  10  peroent  level  for 
Barton  County,  but  was  not  significant  eraa  at  the  60  percent  level  for 
Finney  County.     There  is  no  apparent  explatattlon  for  the  Barton  County 
relation.     It  would  be  axpeetsd  that  increases  in  total  crop  acreage 


hanrestad  would  be  followed  by  in  inoreased  aoreage  of  fallow. 

The  ooefflolent  for  time  was  large  relative  to  iti  standard  error  in 
Finney  County,  and  was  slgnlfloant  at  the  one  percent  lerel*  In  Barton 
County,  the  coeffloients  were  ra'tfeer  unstable  from  function  to  function,  and 
there  was  no  olear  trend  in  the  amount  of  land  fallowed  through  time  after 
the  effects  of  other  Tariables  were  taken  Into  account. 

Bvldenee  was  detected  that  faimers  in  Finney  County  Inoreased  the 
acreage  of  land  fallowed  through  time.  It  is  also  evident  that  the  isoisture 
received  prior  to  iriieat  seeding  time  is  highly  associated  with  land  fallowed. 
ITith  a  low  value  of  Xj,  more  land  is  fallowed  beoause  Hke   prospective  value 
of  a  erop  is  low  relative  to  its  opportunity  cost  (value  of  a  crop  after 
fallow).  Further  evidence  was  detected  for  price  in  Barton  County.  With  a 
prospect  for  higher  wheat  prices,  these  famers  fallowed  less,  deeldlng  that 
the  prospeotive  value  of  a  crop  was  more  than  the  opportunity  cost  of 
fallowing.  There  was  no  evidence  that  famers  in  Barton  County  responded  to 
any  of  the  other  conditions  studied.  The  simple  correlation  ooeffiolaits 
tor  Tg  and  other  respective  variables  were  all  negative. 

The  influsnoe  of  Xj  for  Finney  County  and  of  Xg  for  Barton  County  on 
acreage  fallowed  did  not  parallel  the  results  from  the  study  of  wheat  seed- 
ing, iiAiere  no  measurable  effects  for  liiese  variables  were  detected.  Consis* 
tint  results  were  obtained  for  Xj  for  Finney  County  and  Xg  for  Barton  County, 
beeouse  these  variables  shewed  no  influcDoe  upon  either  Tj  or  Te. 

Dheat  Harvesting 

The  preeision  fbr  predicted  values  fbr  acres  of  iheat  harvested  (T.) 
w*»  higher  for  Finney  thsn  for  Barton  County.  Values  for  e2  were  approxi- 
mately eo  percent  for  Finney  County,  but  ranged  from  18  to  SO  percent  for 
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Bkrten  Coaatyt    Preolpltation  and  noreage  seeded  variables  more  aoiQilately 
explained  -variations  in  acreage  harrested  in  Finney  County» 

In  light  of  the  hypotheses  stated,  the  ooeffiolcDts  of  the  preolpltation 
TSrlables  were  of  the  appropriate  sign*  Other  things  being  equal,  the  aorea 
harvested  inoreaaed  with  inoreases  in  rainfall  prior  to  seeding  (Xj)  and 
with  inoraaaea  in  rainfall  after  aeedlng  (X5)  and  viee  veraa.  For  Finney 
County,  hath  eoeffiolents  were  large  relative  to  their  standard  errors,  bat 
in  Barton  County,  the  t-ratlos  for  Xg  were  signifioant  at  the  S  pereent  level, 
while  the  t-ratlos  for  X^  were  signifioant  at  approximately  the  30  peresBt 
level.  However,  this  relationship  Is  quite  reasonable,  slnoe  the  rainfall 
in  Barton  County  from  Ootober  1  to  April  1  averaged  6.30  inches  for  the 
period  1917-53,  idiioh  was  eonslderably  greater  than  the  4.81  inch  average  in 
Finney  County.  It  seems,  on  the  average,  that  preolpltation  after  seeding 
goes  further  In  explaining  what  happens  to  a  orop  In  Barton  County.  But  in 
Finney  County,  where  fall  and  winter  preolpltation  was  less,  the  amount  of 
preolpltation  in  both  periods  was  erueial  in  explaining  the  outeoms  of  the 

OFOp. 

She  influenes  of  ptioe  (X^)  on  acreage  harvested  was  as  hypothesized 
(as  price  Inoreased,  the  acres  harvested  would  inorease),  but  for  both  eoun- 
tlea  and  all  formulatlona  the  standard  enror  of  the  coeffioieota  waa  relatively 
large.  For  Barton  County,  the  coefficients  were  signifioant  at  the  30  per. 
cent  level,  while  in  Finney  County,  they  were  significant  at  the  30  and  20 
percent  levels.  Thus,  there  Is  some  evidence  that  farmers  in  their  decisions 
whether  or  not  to  harvest,  use  price  In  appraising  the  value  of  the  wheat 
orop  in  relation  to  opportunity  cost. 

The  ooefflclents  for  acreage  seeded,  either  total  acres  (Y,),  or  in 
the  alternative  forsulationa  idtsre  aores  seeded  after  fellow  (Tg)  and  aorea 


aaeded  after  •  erop  (Tg)  irers  uaed  as  independuit  rarlables,  ware  reasonable 
and  had  the  appropriate  sign  for  both  oountles*    The  acreage  harvested  naa 
directly  related  to  aores  seeded,  eimn  after  a  correction  had  been  made  for 
aell  moisture  at  seeding  tine  for  both  oountles.    Whan  the  aoreage  seeded 
«aa  divided  Into  T9  and  Tg,  harveated  acres  was  related  aomeirttat  more  to  Tg 
than  Tg* 

For  Finney  County,  total  aeres  aaeded  did  not  Increase  the  vatlue  of  B' 
after  the  effects  of  Xg,  Xg,  and  X3  had  been  taken  Into  aocoiint.    The  ooeffl- 
elanta  for  the  other  'varlablea  were  allghtly  hl^ar  for  iiiXa  fUnotion,  but 
the  change  was  quite  aiaall.    For  the  Barton  County  formulation,  where  the 
effeots  of  Ta  and  Tg  were  studied,  the  value  of  K^  was  increased  by  3«S0 
percent  when  the  effects  of  these  variables  were  added,  and  the  values  of 
the  coefficients  for  these  oidier  variables  were  sll^tly  hl^«r« 

EvidcDoa  was  detected  that  fanners  associate  the  prospective  value  of 
a  erop  with  Its  opportunity  cost  In  naklng  a  decision  on  harvestlng«    The 
influenoe  of  yield  factors,  as  reflected  by  the  precipitation  variables  and 
by  the  acreage  seeded  variables,  were  detected  for  both  counties*    Further 
evidence  was  detected  for  price,  although  It  waa  leas  deoislTOi 

Tlheat  Abandonment 

The  efforts  to  explain  the  acreage  of  wheat  abandoned  (7^)  were  more 
■noeeaafnl  for  Flnnay  than  for  Barton  County.    Veduea  for  Sr  were  approzi- 
nately  48  percent  for  Flnnay  County,  but  were  only  23.S6  to  28.45  perooxt  in 
Barton  County.     Preolpitation  and  aoreage  aeeded  variables  more  ooii^letely 
explained  variations  in  acreage  abandoned  In  Finney  County.     Aoreage  aban- 
doned waa  more  Important  in  Finney  County  both  In  terns  of  acres  and  as  a 
peroantage  of  seeded  acres  of  wheat. 
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The  eoeffloleats  for  the  preoipltation  -variables  were  of  appropriate 
slgM  (in  light  of  the  hypotheses  advaaoed).     Other  things  hsLng  equal,  th« 
aoreage  abandoned  iooreased  idth  deoreaaes  in  rainfall  prior  to  seeding  (Zg) 
and  with  decreases  In  rainfall  after  seeding  (Xg),  and  vice  irersa.    For 
Finney  County,  both  ooeffleients  were  large  relative  to  their  standard 
errors,  but  In  Barton  County,  the  t-tralues  fbr  Xg  were  signif loant  at  the  2 
peivent  lerel,  while  tiie  t-Talues  for  Xj  were  signlfloant  at  approzliiiately 
the  SO  peroent  level.    This  relation  Is  reasonable.    Bainfall  In  Barton 
County,  Ootobar  1  to  April  1,  averaged  6<S0  inches  during  the  period  1917>S3, 
whleh  was  oonsiderably  greater  than  the  4.81  Ineh  average  in  Finney  County* 
Therefore,  on  Vi9  average,  rainfall  after  seeding  goes  further  in  explaining 
what  happ^ia  to  a  orop  in  Bairton  Coiinty.     In  Finney  County,  where  fall  and 
winter  preoipltation  averaged  lass,  the  amount  of  rainfall  fbr  both  periods 
was  oraolal  In  explaining  the  outoome  of  the  crop. 

The  influence  of  price  (Xg)  on  acreage  abandoned  was  as  h^otheslzed 
(higher  valued  crops  should  be  left  for  harvest),  but  for  all  fbrmulatlona, 
for  both  oormties,  the  standard  error  of  the  coeffloients  was  large.    The 
eoeffloleats  for  Barton  County  were  significsuit  at  -the  40  percent  level, 
while  the  ooeffloients  for  Finney  County  were  significant  at  SO  and  20  per- 
eeot  levels.    Thus,  seae  evidence  was  detected  that  farmers  make  a  deoision 
regarding  leaving  the  wheat  for  harvest,  by  using  price  to  appraise  the  value 
of  -the  wheat  erop  to  compare  to  opportunity  costs. 

The  coefficients  for  aoreage  seeded,  eiUier  total  acres  (Ti]  or  in  tha 
alternative  fonnulations,  where  acres  seeded  after  fallow  (Tg)  and  acres 
seeded  after  a  crop  (Tg)  were  used  as  independent  variables,  hoiii  were  more 
reliable  and  laore  reasonable  for  Finney  County.     For  this  county,  the  aoreage 
abandoned  was  directly  related  to  acres  seeded,  even  after  a  correoticn  bad 
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'baen  nnd«  for  soil  moisture  at  seeding  time.    lOien  aereege  «aa  disaggregated, 
abandoDmeat  was  related  to  Tg  more  than  to  Tg,  'but  the  dlfferenoe  iias  not 
pronounoedt 

For  Barton  Coimty,  total  acres  seeded  did  not  Increase  the  'value  of  H' 
after  the  effects  of  Xj,  X5,  and  Xg  had  been  taken  Into  account.    For  the 
fomilatlon  In  uhloh  the  effects  of  Tg  and  Tg  were  studied,  the  Talue  of  R^ 
was  increased  by  5.10  percent  when  their  effects  were  added.    The  values  of 
ooeffioients  for  other  variables  were  slightly  hl^er  iriien  these  acreage 
variables  were  added,  but  the  alteration  was  of  limited  extent.     The  ooeffl- 
olent  for  Y9  was  not  significant  at  the  60  percent  probability  level.    The 
negative  coefficient  for  Tg  (irtiloh  means  that  acreage  abandoned  decreased 
with  Inereases  in  Tg)  was  signifleant  at  '(he  SO  psroeot  probability  le'vel. 
Because  'the  correlation  of  Tg  and  Tg  was  extremely  large  (-.812386),  'the 
effects  of  changes  in  Tg  and  Tg  cannot  easily  be  isolated.    As  Tg  increased, 
Tg  decreased,  and  changes  In  T7  cannot  easily  be  associated  with  ehsnges  in 
Tg  and  Tg  separately. 

Grldenoe  was  detected  that  farmers  assooia-te  ^3ae  prospeotlTe  value  of 
a  crop  wl'th  opportunity  costs  in  msklng  a  deelslon  on  abandomnant.    The 
Influence  of  yield  factors,  as  reflected  by  'die  rainfall  variables,  were 
detected  for  both  counties  and  as  refleoted  by  'the  acreage  seeded  variable 
in  Finney  County.    Furtiier  evidence,  although  less  deolslv«,  was  detected 
for  price. 

The  e'vldenco  on  'the  Type  I  error  'was  more  clear  for  Finney  County.     In 
this  eounty,  hi^er  acreages  of  abandonment  were  associated  with  seeding  on 
dry  soil,  as  measured  indlreetly  by  X2,  Tg,  and  Tg,  or  T^.     In  Barton  County, 
some  association  of  abandonment  and  Xg  was  detected,  but  most  of  the 


Infomation  farmers  used  apparaatly  was  not  aTailabla  at  seeding  time.  For 
exBa^le,  Xg,  a  measure  of  fell  and  winter  preeipltatlon,  would  not  be  known 
at  seeding  time. 

For  the  period  studied,  approximately  one-third  of  the  vdieat  seeded  in 
Finney  County  was  abandoned.    This  is  oonsldersd  a  high  percentage  and  makes 
valuable  explanations  for  this  ooourrenoe. 

All  Sorghums  Harrested 

The  acreage  of  all  sorghum  harvested  was  predicted  for  Finney  County 
and  for  Barton  County.    Values  Iter  R*  were  67.88  to  76.65  percent  for  Finney 
County  and  somewhat  lower  for  Barton  County.     Preoipitatlon  and  acres  of 
idieat  abandoned  the  prerlous  spring  more  ooiqpletely  explained  acreage  of  all 
sorghums  harvested  in  Finney  County.     &sreage  of  sorghum  was  more  important 
in  Finney  County. 

The  ooeff loient  for  the  precipitation  variable  was  of  the  appropriate 
sign.     Other  things  equal,  the  acreage  of  sorghum  harrested  increased  with 
increases  In  preoipitatlon  (X-)  and  Tioe  versa.     For  Finney  County,  tha 
coefficient  was  large  relative  to  its  standard  error  and  was  slgnifioant 
beyond  the  one  percent  level,  but  In  Bai^n  County  the  t-value  for  Z9  dm 
not  slgnifioant  at  the  SO  percent  level.    This  relation  is  reasonable,  since 
rainfall  in  Barton  County  averaged  6.2  inohes  dwlng  July  1  to  October  1  for 
Hie  period  1917-1963,  which  was  considerably  more  than  tha  6.4  Inoh  average 
in  Finney  County.     Therefore,   in  Finney  County,  where  the  euianer  precipita- 
tion averaged  less,  liie  amount  of  rainfall  was  crucial  in  explaining  the 
acreage  of  the  crop  harvested  even  after  corrections  had  been  made  for  the 
effects  of  other  variables. 

The  coeffiolanta  for  aeres  of  wheat  abandoned  Hie  previous  spring  (T») 


•ad  aore«  of  nhsat  seeded  (Tj^)  irare  ataUstieally  and  logioally  aoceptabls 
for  both  oountlaa*     In  both  oountlea,  the  acreage  of  sorghum  harvested  «aa 
directly  related  to  aores  of  idieat  abandoned  iriiii  the  t-values  being  ai^lfl- 
cant  beyond  the  one  percent  Isrel  and  as  hypothesized,  the  acreage  of  sorghum 
harvested  decreased  with  increases  in  aores  of  wheat  seeded.     The  t-values 
were  slgnlf leant  at  the  10  percent  level  for  the  ooeffioient  for  this  varia^ 
ble  for  both  oountiea*    Praotioally  no  evldenae  waa  detected  that  the  aorea 
of  all  crops  harveated  the  prevloua  year  O^xB^  influenoed  the  acreage  of 
aorghum  harvested  after  'the  ef foots  of  aorea  of  wheat  a  ceded  and  aorea  of 
lAieat  abandoned  were  taken  Into  account.    Thua,  Xj^g,  uaad  in  thia  sludy  as  a 
meaaare  of  alie  of  oounty,  ahowed  no  obaervable  influense.     Due  to  the 
importanoa  of  preoipltation.  it  is  reasonable  to  believe  that  the  acreage  of 
sorgfauma  harvested  would  be  decreased  by  a  large  aereage  of  all  oropa  being 
harvested  the  previoua  year,  because  it  was  reaaoned  that  a  large  part  of 
this  land  waa  fallowed. 

The  influence  of  the  aorghumoidiaat  prloe  ratio  on  sorgjlium  acreage  har- 
veated waa  aa  hypothasiied  (hi^er  valued  sorghum  crops  would  be  left  for 
harreat),  but  the  atasdard  error  for  the  coeffioienta  waa  large,  especially 
for  Barton  County.     The  ooeffioient  for  Finney  County  waa  significant  at  the 
20  peroent  level*    Thus,  aeoie  evidence  was  detected  -that  fansera  in  Finney 
County  uae  prioea  to  ooiqiars  ^e  value  of  the  sorghum  crop  to  ita  opportunity 
ooat  in  detemining  the  aoreage  of  sorghum  to  harveat,  yibere  the  acreage 
harvested  is  actually  determined  by  the  difference  between  the  measures, 
aorM  aeeded  and  aores  abandoned,  for  whloh  there  were  no  data. 

The  ooeffioient  for  time  (^g)  was  significant  in  both  counties  beyond 
the  one  peroent  level,  indicating  that  the  iuf luenoe  of  the  factors  ropr^ 
atnted  by  time  have  influenced  the  acreage  of  aorghum  harveated* 


Ad  alternative  fonulatlon  for  Finney  County  was  to  drop  the  time  'varia- 
Ue  (^c)*    Ihe  reason  for  studjdng  this  function  was  -tiiftt  X.g  ims  highly 
correlated  irith  sane  of  the  other  independent  variables*    This  lowered  the 
value  of  R^  to  67>26  percffiit,  but  did  not  change  any  of  the  eoeffioients  or 
the  t^values  appreciably* 

Bvidence  irea  detected  that  fanners  assosiate  the  prospective  value  of  a 
OTOp  with  its  opportunity  cost  in  making  a  decision  on  harvesting*     The 
influenoe  of  yield  factors,  as  reflected  by  the  rainfall  variable  and  price, 
DOS  detested  for  Finney  County*     It  was  also  deteoted  la  bcUi  counties  that 
the  acreage  of  sorghum  harvested  was  directly  related  to  the  acreage  of 
wheat  abandoned  the  previous  spring. 

Grain  Sorghum  Hai^ested 

The  formulations  to  explain  acreage  of  grain  sorghum  harvested  were  not 
as  successful  as  the  formulations  for  all  sorghums  harvested*    Values  of  R^ 
were  26*14  to  37.9S  percent  for  Finney  County  and  41*85  percent  for  Barton 
County*    A  better  degree  of  fit  was  obtained  for  Barton  County  in  this 
fonulation  while  the  opposite  was  true  for  the  previous  foaaulation,  idisre 
X^g  was  dependent* 

For  Finney  County,  the  coefficient  for  Z9  was  large  relative  to  its 
standard  error  and  was  algnif leant  at  the  2  percent  level,  and  in  Barton 
County  the  t-value  for  Xg  was  sipiif leant  at  the  20  peroaat  level*     However, 
there  is  little  difference  between  the  two  ooefficlents  in  His  amount  thay 
affected  acres  harvested* 

In  both  counties,  the  acreage  of  grain  sorghum  harvested  was  directly 
related  to  acres  of  wheat  abandoned  (Yy)  and  acres  of  wheat  seeded  (Ti), 
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'with  the  t-valuB  of  T7  helng  slguiflouit  at  the  one  peroent  leTel  In  Barton 
County  and  at  the  20  percent  lerel  In  Finney  County.     Coefflolenta  for  Yj 
irere  sl^lfloant  at  the  10  percent  leysl  In  Finney  County  and  at  the  40 
percent  level  In  Barton  County. 

After  acres  of  wheat  seeded  and  aores  of  vheat  abandoned  vere  taken 
into  Moount,  X^^,  a  measure  of  county  alze,  showed  some  Influence  on  the 
■Bount  of  grain  sorghum  harvested  in  Finney  County,    fibre  erideaoe  was 
detected  for  the  Influeooe  of  X^j^  on  the  acreage  of  grain  sorghum  harvested 
for  Barton  County,  where  the  t-value  for  liiis  ooeffloleot  was  sl^ifioant  at 
tbe  10  perosDt  level. 

The  influence  of  the  sorghura-'idieat  price  ratio  was  quite  similar  in  this 
fonulation  as  in  the  previous  formulation  with  the  standard  errors  of  the 
coefficients  extremely  large.    Some  evldenoe  was  detected  in  Finney  County 
that  harvested  acreage  of  grain  sorghum  was  related  to   price. 

The  coefficient  for  time  (Xj^g)  was  slgplfloBnt  at  the  Z  percent  level 
for  both  counties,  indicating  that  the  factors  represented  by  tine  Influenoed 
'Uie  aoreage  of  grain  sorghum  harvested. 

An  alternative  fonulation  was  derived  for  Finney  County  by  dropping 
the  time  vsiriable  (z^g).    The  reason  for  studying  this  function  was  that  X,g 
was  highly  oorrelated  with  several  of  the  other  independent  variables.     This 
lowered  the  degree  of  fit  (R^  ■  26.14)  and  did  not  ohanga  any  of  the  ooeffi- 
eients  or  t-values  to  any  extent. 

For  both  counties,  it  was  detected  tiiat  preeipitatlon,  time,  and  aores 
of  wheat  abandoned  Influenoed  the  aoreage  of  grain  sorghum  tervested.     Fui^ 
ther  evldenoe,  although  lass  decisive,  oan  be  attributed  to  the  acreage  of 
wheat  seeded. 
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Vheat  Production 

Linear  Funotlon.     For  the  llnMir  functions  used  to  explain  wheat  produc- 
tion for  the  two  oounties,  «io  following  may  be  genaralliedi     (1)  preolplt*. 
tlon,  prior  to  seeding,  X^,  •  ye«ur  prior  to  seeding,  Xg^.^,  and  after 
seeding,  X.,  all  were  associated  with  lAeat  production,  and  (2)  itieat 
production  was  not  explained  by  acres  of  wheat  seeded  after  a  crop  (tg)  and 
by  acres  fallowed  (Tg). 

The  coefflolwrts  for  rainfall  prior  to  seeding  and  &r  rainfall  after 
seeding  were  significant  for  all  formulations  at  the  5  percent  probability 
level  or  higher.    Rainfall  during  the  sii^nonth  period  one  year  prior  to 
seeding  (which  Is  belie'ved  to  reflect  subsoil  moisture  conditions)  wsia 
associated  more  closely  with  vdieat  production  in  Barton  County  thcu  in  Finney 
County,    The  latter  eounty  contains  a  large  anoutzt  of  sandy  soil,  and 
possibly  subsoil  moisture  is  not  accurately  reflected  by  Xg^i  because  of 
the  more  United  moisture  holding  capacity  of  sons  soil  in  this  county. 

There  was  eirldenoe  of  an  increase  in  -rtwat  production  through  time, 
especially  for  Finney  County,    Ebwerer,  the  results  were  somevdMit  dlf floult 
to  Interpret  because  Tg  was  highly  correlated  with  Tg  and  X^g  in  Barton 
County  and  X-g  in  Finney  County,    Although  the  equations  are  satisfactory 
for  prediction  purposes,   it  is  not  possible  to  Isolate  the   separate  effects 
of  these  Tariables, 

An  index  of  yield  ability  (Xg)  was  used  for  Barton  County,     Tfas  index 
was  highly  correlated  with  Tg  and  X^g,  and  Ifae  Tarlations  in  Xg  were  small* 
For  those  reasons,  no  meaningful  remits  were  obtained  as  a  result  of  study* 
ing  the  effeets  of  this  variable.     Formulations  were  studied  in  which  X.  was 
•mluded.    Deleting  this  vsiriable  leaves  only  variables  idtose  values  were 
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kaoim  at  seeding  time.    A  predlotlng  equation  with  Tarlablei  known  at  seeding 
time  oan  thus  be  oo]ii|)ared  with  fomulatlons  containing  this  variable  i^ose 
Tralue  is  determined  after  seeding. 

Rainfall  after  seeding  ej^lained  more  of  the  variations  In  production 
for  Barton  County  than  for  Finney  County,  and  those  results  are  oonsistant 
ifith  those  obtained  for  other  equations  In  this  study.    For  Barton  County, 
Talues  of  R^  -were  24.88  percent  and  54.08  percent  without  and  nlth  Xg, 
respectively,  irhlle  the  values  for  Finney  County  ware  69.03  percent  and  62.07 
percent.     Thus,  the  additional  variation  explained  by  Xg  was  conaiderably 
greater  for  Barton  County* 

9 

IiOgarlthmlc  Function.  Alliiough  the  values  of  R  for  the  logarithado 
functions  were  higher  than  for  tte  corresponding  linear  functions  for  both 
oouBties,  coefficients  were  generally  smaller  relative  to  their  standard 
errors  and.  In  many  cases,  not  so  reasonable.  For  Barton  County,  none  of 
the  coefficients  for  rainfall  variables  were  signifloant  in  these  fomuls^ 
tlons.  For  Finney  County,  ooeffioients  for  X.  and  Xg  were  reasonable,  bnt 
the  eoeffloients  for  Xg^^.  '""■^  "^^  acceptable.  Host  of  tb»   ooeffieienta 
for  Tg  and  Tg  were  negative,  and  these,  as  well  as  the  negative  coefficient 
for  Xg,were  not  logical.  As  with  the  linear  function,  the  luteroorrelation 
of  a  number  of  independent  variables  e^^lains  Ihe  erratic  character  of  soma 
of  tiie  coefficients. 

The  acreage  of  fallow  was  sero  for  a  number  of  Hia  early  years.  Tfali 
type  of  funetlon  Is  not  accurate  when  some  variable  is  lero  (unless  the 
resource  is  llmitational).  The  reason  Is  that  the  predicted  value  of 
dependent  variable  is  zero  wh«i  any  independent  variable  (in  log  form)  Is 
sero  by  the  nature  of  the  function.  This,  too,  helps  explain  the  unsatisfactory 
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rvaulti  obtained  for  the  effects  of  T.« 

Fornulatlons  with  a  oorreetion  for  the  effeet  of  X5  (fttnetion  *b*  for 
Barton  County,  fuootiou  "a"  for  Finney  County)  differed  but  little  from 
function*  with  Xg  deleted.     This  waa  true  fb  r  R^,  the  sign  and  magnitude  of 
the  ooeffioienti,  and  the  t-ratios« 

mieat  Tielda 

Linear  Function.     The  linear  fonmlotioua  explained  wheat  yields  roughly 
equally  wall  for  the  two  oounties.    Values  of  Br  were  approximately  20  to  47 
pereent  for  Barton  CouBty  and  S7  to  44  peroent  for  Finney  County. 

For  both  counties^  the  ooeffioients  for  X,  and  X^  were  large  relativ* 
to  their  standard  errors.  The  t- value  for  Xg^j^  was  significant  at  the  20 
peroent  level  for  Barton  County,  but  was  not  significant  at  the  60  percent 
level  for  Finney  County.  These  ooeffioients  indicate,  with  the  effects  of 
the  other  Independent  variables  unclnnged,  that  yldd  increased  with  increases 
in  any  or  all  of  the  precipitation  variables  (except  X^.  .  for  Finney  County), 
and  vloe  versa. 

The  coefficient  for  percentage  of  wheat  seeded  on  fallow  (Xi .)  was  nor* 
reliable  and  reasonable  for  Barton  County  -Uian  for  Finney  County.     For  this 
eounty,  iidieat  yield  was  directly  related  to  the  percentage  of  wheat  seeded 
on  fallow,  even  after  corrections  had  been  made  for  the  precipitation  varia- 
bles.   For  Finney  County,  the  ooeffiolent  for  X^^  was  si^lfleant  at  the  30 
percent  leveli  however,  this  ooeffiolent  was  negative,  iriiloh  means  that  liieat 
yield  (Tg)  decreased  as  X. .  increased.    This  doss  not  agree  with  experimental 
results  and  other  secondary  data.     Because  the  correlation  of  Xj^^  and  X^g  was 
extremely  large  (0.830911),  the  effects  of  changes  in  X14  and  Xig  cannot  be 
easily  isolated,  probably  eausing  the  unrealistlo  coeffloleDt  for  Xj^^. 
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For  Flonay  County,  the  coeffloi«nt  tor  -Hie  time  -variable  iras  slgnlfloaist 
at  the  6  percent  lervel,  but  ma  not  significant  at  the  GO  percent  level  for 
Barton  County. 

An  alternative  function  wai  derived  by  dropping  Xg  from  the  fonulations* 
The  reason  for  dropping  Zg  i«as  that  a  function  could  be  derived  that  nsuld 
mplain  vfaeat  yields  at  seeding  tlms.    Correcting  for  the  effects  of  Z.  did 
net  change  appi^ciably  the  ooefficisDts  or  t-values  for  other  variables,  but 
iBoreased  the  value  of  B^  considerably  for  Barton  County* 

The  influence  of  an  index  of  yield  ability  (Xg)  was  also  studied*    VlhsD 
a  correction  «as  made  for  the  effect  of  Xg,  the  coefficients  for  Xy,  and  X.g 
(variables  highly  correlated  tvlth  Xg)  changed  someidiat,  but  the  coefficients 
and  t-values  for  precipitation  variables,  as  well  as  K^,  changed  very  llttle> 
The  coefficient  for  Xg  iias  not  acceptable.     This  vas  probably  due  to  the 
•xtreciely  large  correlation  (0.9S8622)  between  Xg  and  X^g,  and  the  small 
variation  in  Xg,  making  it  impossible  to  isolate  the  effects  of  these 
variables. 

Evidence  that  idieat  yields  were  influenced  by  precipitation  was  detected 
in  both  counties.     It  was  also  detected  that  wheat  yields  were  associated 
with  the  factors  represented  by  time  in  Flnnoy  County.    Further  evidence, 
although  less  decisive,  was  detected  for  the  peroentage  of  wheat  seeded  on 
fallow  in  Barton  County. 

The  results  of  studying  preduction  on  a  fixed  technical  xinit  (land, 
corrected  for  amount  of  wheat  seeded  on  fallow)  were  remarkably  similar  to 
the  results  obtained  from  studying  total  proAiotion.     The  effects  of  the 
preeipitatlon  variables  were  generally  iji5)ortant.     Both  dependant  variables 
could  be  predicted  at  seeding  tine  with  a  hi^er  degree  of  precision  for 
Finney  County. 
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For  both  eqaatlona,  «i9  ooefflelmts  md  t-Tal«««  were  larger  for  Z5 
(rainfall  olose  to  harrert  time)  and  lowest  for  X^^i,  1*8  period  of  rainfall 
most  remored  in  time  from  harvest.     Thus,  there  was  evidence  that  a  orop  la 
more  dependent  upon  recent  moisture,  and  less  dependent  on  (but  by  no  aeatia 
Independent  of)  rainfall  earlier  in  time.    The  variable*  for  Xg,  X15,  and 
Xj^  or  Tg  and  Tg  were  so  highly  eorrolatod  that  meaningful  ooeffioients 
were  in  most  testa  not  obtained.     It  was  not  deemed  too  serious  that  the 
aaparate  effeots  of  fallow  and  yield  ability  oould  not  be  detected  beeaus* 
their  Influence  has  been  ascertained  by  experiments.    Although  these  varla^ 
bios  are  highly  oorrelated  and  tlwir  isolated  effeots  thus  difficult  to 
measure,  prediotions  of  iiie  dependent  variables  are  still  reliable,  and 
effeots  of  preoipltatlon  variables  whioh  were  not  correlated  with  eaoh  other 
or  with  those  other  independent  variables,  B»y  be  observed.     Thus,  the 
Influence  of  precipitation  on  pro<lactlon,  under  farm  eondltiona,  nay  be 
eocamlned,  idiere  two  of  the  three  measures  used  in  this  study  would  be  known 
at  seeding  time. 

Logarlthmie  Fnnotlen.    The  results  from  the  logarittanlo  funetlena 
derived  to  explain  wheat  yields  were  elosely  parallel  to  those  obtained  from 
the  use  of  linear  funotions.     Not  only  were  the  values  of  R^  ooiqarable,  but 
the  contribution  of  the  respective  variables  was  similar  as  detected  by  the 
two  types  of  equations.     The  effeots  of  the  precipitation  variables  wero 
again  evident,  and  the  order  of  li^rtanse  (as  measured  by  the  sise  and 
slgnifloance  of  the  ooeffioients)  as  before,  was  Zg,  Xg,  and  Xj^x*    >fore 
acceptable  coefficients  were  obtained  by  the  logarithmic  function  for  X^t^.^ 
for  Finney  County,  but  time  vms  less  ii^ortast  for  this  county  as  detemlned 
by  the  logarithmic  fomulation.     Again,  Xg  explained  more  of  the  variation 


In  th«  dapsndent  Tarltibl*  for  Barton  County  than  for  Flnuoy  County. 

Baoausa  X^g  ma  highly  correlated  with  X14  and  Xq,  funotlona  wera 
derived  -with  the  effects  of  time  excluded.     The  value  for  R^  ms  not  reduced 
appreciably  when  no  correction  iraa  made  for  the  effects  due  to  liis  variable, 
nor  were  the  ooeffieients  and  t-ratios  for  coefficients  for  olher  independent 
variables  ehaneed  appreciably. 

The  logarithmic  fuactions  used  to  explain  yields  were  considered  mora 
logical  than  the  logarlthmio  functions  used  to  e3q)lain  total  production. 
Although  the  values  for  ifi  were  generally  no  higher,  more  acceptable  ooeffi- 
alaots  were  obtained,  especially  for  the  precipitation  variables. 

arain  Sorghum  Yields 

Llnefg-  Function.     In  the  fomulations  derived  to  e:q)laln  grain  sorghum 
yields,  a  higher  degree  of  fit  was  obtained  for  Barton  County  than  for  Finney 
County.     Values  for  R^  for  Barton  County  were  from  nearly  56  to  67.64  per- 
cent, but  were  only  60.87  to  55.54  percent  for  Finney  County. 

In  light  of  the  hypothesis  advanced,  coeffidsnts  for  the  precipita- 
tion variables  Xg,  Xjq,  and  Zg  were  of  the  appropriate  sign.     Other  thing* 
remaining  equal,  grain  sorghum  yields  increased  with  increases  in  precipita- 
tion.    The  t-values  for  the  coefficients  of  X9  and  Xjo  were  significant  beyond 
the  one  percent  level  for  both  oountias.    For  Finney  County,  the  t>-value  for 
Ig  was  significant  at  the  6  percent  level,  but  only  at  the  10  percent  level 
for  Barton  County.     The  ooeffieients  for  these  respective  precipitation 
variables  were  quite  similar  among  all  fomulations  for  both  oountiea.     thl» 
indicates  that  as  precipitation  increased  by  similar  amounts  in  both  counties, 
yield  increased  approximately  the  same  for  both  counties.     For  tiiese  varia. 
bles,  tlie  ooeffieients  and  t-valuea  were  bluest  fbr  rainfall  July  1  to 
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October  1  prior  to  harrest,  the  period  whea  the  orop  makes  moat  of  its  gronth, 
ud  lowest  for  rainfall  April  1  to  Ootober  1  a  year  earlier,  whioh  it  is 
assimed,  refleots  subsoil  moisture  oonditlons* 

The  influence  of  acres  fallowed  -ttie  prerioua  year  (Tg)  was  hypothesised 
to  increase  grain  sorghum  yields.     However,  a  highly  significant  negative 
coefficient  was  obtained  for  Barton  County  and  a  nonsignificant  positive 
coefficient  was  obtained  for  Finney  County.     Because  of  Itoe  high  Infceroorr^ 
lation  (0.665980  for  Barton  County  and  0.902408  for  Finney  County)  between  Tg 
and  X.K,  the  effects  of  changes  in  Tg  and  Xj^g  may  not  be  easily  isolated. 
It  Is  also  possible  that  when  more  acreage  was  fallowed  in  Barton  County, 
sorghums  would  be  planted  on  poorer  soil  ihus  reduoing  the  yield.     In  any 
ease,  the  negative  coeffioient  fbr  fallow  is  not  reasonable,  and  it  oan  only 
be  ooncluded  that  no  evldenoe  was  detected  -ttiat  grain  sorghum  yidds  are 
increased  following  years  of  high  fallow  acreages.     Experimental  results 
have  indicated  that  fallow  increases  grain  sorghum  yields  in  the  areas  of 
these  eoxintles.     Therefore,  -Uiese  results  suggest  either  that  little  sorgbia 
Is  seeded  on  fallow  or  that  the  proportion  of  the  total  aoreage  seeded  on 
fallow  has  changed  but  little  over  time. 

It  was  deteoted  that  yields  were  influenced  by  Hm  factors  represented 
by  the  time  variable  in  Barton  Countyi  however,  the  t-value  for  the  ooefficlait 
for  X^g  in  Finney  Counby  was  not  significant  at  the  60  percent  level. 

Two  alternative  formulations  were  derived  for  both  counties.     The  first 
alternative  was  to  drop  the  acreage  fallowed  variable  (Tg)  beaause  it  was 
believed  that  little  sorghum  was  planted  on  fallowed  land  and  this  was,  in 

a 

part,  suggested  by  the  results.  The  value  of  K'  was  lowered  approximately 
11  percent  in  Barton  County  and  was  uoohanged  for  Finney  County.  The  only 
eoeffioimt  ohanged  appreolately  was  ihat  for  time.    For  this  altematlT*, 
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tha  coefficient  Is  alEHlfloaBt  at  the  10  percent  lerel  In  Finney  County,  ba% 
la  not  aignlfloont  at  the  60  percent  lerel  for  Barton  County. 

Another  alternative  fuootlon  expresses  grain  sorghum  yield  as  a  linear 
function  of  the  three  precipitation  -rariablos.  This  was  aooonpllshed  by 
dropping  both  Yg  and  Xjg  from  the  first  formulation.  For  this  formulation, 
the  -value  of  k'  was  decreased  approximately  12  perosot  in  Barton  County  and 
S  percent  in  Finosy  County,  but  tha  values  for  the  precipitation  coaffioients 
ware  changed  only  slightly. 

Tha  influence  of  precipitation  on  yields  was  detected  for  both  counties 
in  all  of  Hke  fcmulatlona  derived.  Some  Influenoe  associated  with  tine  was 
dateetad,  but  the  Influenoe  was  not  consistent  for  all  formulations. 

Logarithmic  Function.  The  particular  linear  functions  used  do  not 
portray  ourrillnear  relationships.  The  Cobb-Douglas  function  is  linear  In 
logarithms  and,  therefore,  eurvillnear  In  real  numerical  values. 

Values  for  r'  were  23. S6  to  26  percent  for  Barton  County  and  approxi- 
oataly  S7  percent  for  Finney  County,  irtiieh  were  well  below  ttie  values  for  R' 
for  the  linear  funotion,  inilcating  that  a  lower  dagrae  of  fit  was  obtained 
by  this  function.  The  coefficients  for  precipitation  variables  were  also 
lower  for  this  function.  For  Barton  County,  the  t-v&lues  for  X.  and  Xjo  were 
signifloant  at  Hie  10  percent  level,  and  for  X  were  significant  at  the  30 
percent  level.  For  Finney  County,  tha  t>value  for  Zg  was  slgilflcant  at  tiia 
one  pareent  level,  for  Xg  at  tha  20  percent  level,  and  for  Xiq  at  the  40 
parcMit  level.  Except  for  Zg  for  Barton  County,  these  coefficiants  were 
significant  at  tha  5  percent  level  or  hl^ar  for  tha  linear  functions. 

The  ooeffloients  for  acres  fallowed  (Tg)  ware  not  aoceptabla.  Because 
it  is  not  believed  that  muoh  sor^uim  was  planted  on  fallowed  land  (including 
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the  variable  In  -the  funotlon  was  on  Indireot  means  of  testing  this),  7g  nas 
not  inoluded  in  one  of  tte  fotmulations,  and  -the  results  wore  approxinately 
the  same  aa  those  for  the  funetiotts  in  whioh  there  was  a  eorrsction  for  the 
effects  of  Ygt 

Evidsnoe  was  deteoted,  although  it  was  oonsiderably  less  deolsiye  than 
in  the  formilations  in  linear  form,  that  preoipltatlon  influcnoed  grain  sor> 
gfaum  yields* 

The  SUB  of  exponents,  whioh  in  a  Cohb-Douglas  Amotion  indicates  returns 
to  soaln,  is  considerably  greater  than  one  for  all  fonulations*    This  means 
that  there  was  "increasing  retains  to  scale"  for  precipitation,  or  that  if 
all  'variables  were  to  increase  by  one  percent,  yields  would  increase  by  more 
than  one  perosct*    For  this  rather  low  rainfall  region,  this  may  be  an  accu- 
rate description* 

The  results  from  the  linear  functions  were  clearly  superior  for  the 
tests  conducted  in  this  study*     It  may  be  ihat  a  linear  function,  where 
yields  change  at  a  constant  rate  with  respect  to  changes  la  a  particular 
variable,  may  well  describe  the  relations  for  the  mount  of  precipitation 
that  actually  falls  in  this  area.    This  type  of  relation  undoubtedly  would 
not  hold  in  hi^er  rainfall  regions,  however. 

SUMMABT 

This  study  was  eonoemed  witii  oxplaining  the  produetion  of  winter  wheat 
and  grain  sorghum  in  two  eountdea  of  Kansas,  Barton  and  Finney*     County  data 
were  available,  furnished  largely  by  the  Federal-State  Agricultural  Statis- 
tician*    It  was  believed  that  conditions  within  these  counties  ware  more 
homogeneous  than  for  the  broad  areas  studied  by  o&ers.     The  study  was  of 
time  series  nature,  and  'Uie  period  studied  was  1917-53*    Coefficients  ware 


62 


eatiiuted  for  a  number  of  variables*  For  each  aquation.  It  nas  possible  to 
relate  a  dependent  variable  as  a  funotlon  of  independent  variables*  There- 
fore, single  equation  multiple  regression  was  the  appropriate  method  of 
analysis* 

Linear  functions  were  derived  for  all  decision  and  productivity  rela- 
tions* Logarithmle  production  functions  were  also  derived.  The  linear 
production  functions  were  superior  to  the  logarithmic  functions  for  both 
oounties,  espeoially  in  explaining  wheat  production  and  grain  sorghum  yields* 
Sot  only  was  the  degree  of  fit  higher,  but  the  coefficients  were  more  aocept- 
able,  both  statistically  and  logically* 

The  final  supply  of  iriiaat  and  sorghum  Is  determined  by  the  amount  of 
resources  committed,  and  by  the  productivity  of  -these  resources*  Hypothesea 
were  stated  for  tiie  deeision  relationships*  These  concerned  the  allocation 
of  resources,  with  emphasis  on  land  and  soil  moisture  (as  reflected  by  pre- 
cipitation), to  the  production  of  the  two  commodities*  It  was  hypothesised 
that  the  amount  of  resources  committed  to  a  specific  crop  was  related  to  the 
stoeks  on  hand  at  the  decision-making  tine,  and  to  the  relation  of  their 
expected  discounted  marginal  value  productivity  if  used  for  this  crop,  versus 
the  expected  returns  from  alternative  used  (opportunity  costs)* 

Hypotheses  were  also  stated  for  resource  produotivlty*  To  con^lete  the 
study  on  supply  response,  it  was  necessary  to  analyse  the  forces  behind  the 
produotivlty  of  resourees  used  to  produce  these  crops*  Since  productivity 
Influences  the  allocation  of  resources,  the  pioduotlvity  equations  malnfested 
narked  similarities  to  the  deoision  equations* 

Due  to  a  high  interoorrelation  between  a  number  of  the  independent 
variables,  effects  due  to  some  of  the  variables  were  not  detected  for  certain 
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fonulatlona.    Because  the  acreage  fallowed  iiaa  highly  correlated  with  tdme, 
it  iraa  not  potalble  to  detect  the  Influence  of  fallow  In  several  of  the 
equations* 

For  Finney  Coxuity,  moisture  variables  more  conpletely  explained  resource 
coBtnitment  and  productivity  then  they  did  in  Barton  County,  although  the 
effects  for  precipitation  were  clear  for  liils  county  also<    Moisture  was  a 
more  crucial  factor  in  Finney  County,  where  average  precipitation  was  oo«t» 
siderably  less. 

Iha  influence  of  price,  althou^  less  decisive  ^kaa  the  effects  of 
asiature,  was  detected  for  some  fomulations  of  the  lAeat  seeding  and  fallow> 
Ing  equations  for  Barton  County,  and  for  Finney  County  for  the  acreage  of  all 
aorghnma  and  grain  aorghun  harvested.     It  waa  alao  found  tliat  price  influenced 
the  acreage  of  iriieat  harvested  and  abandoned  in  both  oountLes, 

There  was  evidence  that  continuous  wheat,  vheat  after  fallow,  and  soi^ 
ghums  were  ooBspetln^  crops.  The  acreage  of  sorghum  harvested  was  clearly  a 
function  of  acres  of  irtieat  seeded  and  acres  of  lAieat  abandoned.  Likewise, 
acreage  of  irikeat  seeded  was  related  to  the  acreage  of  cropland  (growing  row 
crops  excluded]  •  Beoause  of  this  interrelation,  a  study  of  either  could  be 
Bade  only  if  an  integrated  study  was  fonnulated,  idiere  the  influence  of  the 
production  of  each  on  the  production  of  the  other  could  be  ascertained* 

The  influence  of  the  variable  time  was  apparent  in  many  fomulationa* 
This  was  true  even  after  a  correction  had  been  made  for  the  Influence  of 
other  variables.     For  most  of  the  i^eat  produotion  and  wheat  yield  fomula- 
tions, the  dependent  variable  was  asaooiated  with  soil  moisture  as  reflected 
by  precipitation  for  prior  periods.     However,  for  the  ^eat  seeding  equation, 
no  evidence  was  detected  'Uiat  fanners  change  their  wheat  acreage  seeded  in 
response  to  these  precipitation  variables.    Thus,  ttiare  is  some  indication 
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that  fanwrs  may  not  ha  oxerolslng  a«  mioh  strategy  in  **»  «»•  of  'oil  "oi*- 
ture  B3  would  be  profitable. 

For  each  oovurty  and  each  equation,  the  logically  acceptable  ooeffidente 
are  listed  for  tro  probability  lerele  (Table  S).     For  aome  equations, 
different  fonmilations  were  tested.     For  those  oases,  these  aummary  results 
are  average  for  the  fomulattons.    There  nay  be  particular  fcrnulations  for 
an  equation  irtiere  sons  oooffioionts  are  not  significant  at  the  level 
iBidlcated. 
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APPEND  IZ 


Aooeptable  ooeff iolenta,  both  from  the   staAdpoint  of  logic  and  atatis- 
tleal  probability,  nay  not  bo  obtained  for  a  nxmber  of  reasons.    The  variable 
may  not  be  is^rtant.     Certain  la^iortant  variables  nay  be  omitted.     It  nay 
have  been  inoorreetly  measured.     It  may  have  been  highly  correlated  with 
other  Independent  variables.     That  naa  true  for  some  variablss  used  in  thii 
study,   such  as  Xj^5  and  Yg,  but  was  not  true  for  other  variables,  especially 
-Oie  precipitation  variables.     Because  the  success  in  detecting  the  separate 
effects  of  independent  variables  in  sultlple  regression  is  highly  related 
to  the  nott-interoorrelation  of  these  variables,  matrices  are  presented, 
giving  single  correlation  coefficients  for  all  variables  used  In  this  study. 

A  non-aeoeptable  ooeff  icient  may  be  obtedned  beoause  an  inappropriate 
algebraie  font  was  used.    For  all  the  produetion  function  equations,  both 
linear  and  logarithmio  fonulatlons  were  tested. 

A  further  explanation  is  laok  of  variation  for  a  dependtnt  variable. 
Table  4  shows  coefficients  of  variation  for  all  variables  used.     This 
measure  of  variation  is  independait  of  slxs  of  units  because  it  corrects 
the  variation  for  the  mean.     This  measure  is  calculated  by  dividing  s,  by 
tiie  mean,  iriiere  _•  is  an  unbiased  estimate  of  the  square  root  of  the  popular 
tion  variance,  and  where  ^  equals  the  adjusted  sum  of  squares  divided  by 
the  degrees  of  freedoia. 
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Tabl*  4.    Coefficients  of  Tarlation  fbr  variables  used  in  supply  response 
fonulations* 


Variable  i" 

Coefficient 
Barton      i 

of  variation  i 
Finney        t 

Variable 

Coefficient  of 
Barton      i 

variation 
Finney 

h 

27.43 

36.61 

^6 

31.43 

31.43 

h 

44.01 

43.91 

^8 

8.76 

17.69 

h 

59.22 

61.37 

^I 

6.66 

48.49 

h 

2.06 

-~ 

h 

19.49 

68.ST 

H 

27.84 

27.84 

^8 

34.21 

49.01 

^ 

41.73 

39.27 

^4 

66.34 

52.48 

% 

36.76 

40.13 

^6 

47.81 

48.38 

% 

33.44 

34.87 

^6 

105.46 

97.94 

hM 

16.25 

56.03 

h 

117.76 

11B.19 

h» 

39.08 

42.64 

^6 

42.23 

102.88 

hi 

114.29 

103.01 

^9 

15.24 

63.97 
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Thia  (tady  waa  eonoerned  with  explaining  the  produotlon  ef  vlnter  wheat 
aad  gndn  Mrgfaam  In  tno  eountles  of  Kansas,  Barton  and  Finney.    County  data 
were  available,  fVtrnlahed  largely  hy  the  Federal-State  Agricultural  Statla- 
tieian*     It  vaa  helieTsd  that  oonditlona  within  these  ooustles  were  more 
homogeneous  than  for  the  broad  areas  studied  by  ottiera*     The  study  was  of 
time  series  nature,  and  the  period  studied  was  1917-63*     Coefflolents  were 
eatlnated  for  a  number  of  -rarlables*    For  each  equation,  it  waa  possible  to 
relate  a  dependent  variable  as  a  ftmation  of  independent  variables*    There- 
fore, single  equation  multiple  regresalon  was  the  appropriate  method  of 
analysis* 

Linear  funotlons  were  derived  for  all  deelslon  and  produotivity  rela- 
tions*   Logaritlmio  produotlon  funotlons  were  also  derived*    The  linear 
produotlon  funotlons  were  superior  to  the  logarlthmle  funotlons  for  both 
oountles,  espeelally  in  explaining  wheat  produotlon  and  grain  sorghum  yields* 
Not  only  was  the  degree  of  fit  hif^er  but  the  ooeffioients  were  aore  aeoept- 
able,  both  statistiosdly  and  logically* 

The  final  supply  of  wheat  and  sorghum  Is  deterained  by  the  mount  of 
resouroes  oomnitted,  and  by  the  producrtlvity  of  these  resouroes.    Eypothesea 
were  stated  for  the  deolslon  relationships.    These  oonoemed  the  allooatlon 
of  resouroes,  with  eitphasis  on  land  and  soil  moisture  (as  reflected  by  pre- 
oipitatlon),  to  the  production  ef  the  two  Qomnodities*     It  was  hypothesised 
that  the  aiiount  ef  resources  cosraitted  to  a  specific  crop  waa  related  to  the 
atooks  on  hand  at  the  deelsion-making  time,  and  to  the  relation  of  their 
axpeoted  disoounted  marginal  value  produotivity  if  used  for  this  crop, 
versus  the  expected  returns  from  alternative  uses   (opportunity  costs)* 

Hypotheses  were  also  stated  for  resource  productivity*     To  oomplete  the 
study  on  supply  response,  it  was  neoessary  to  analyse  the  forces  behind  the 


produotlvltjr  of  resouroes  used  to  produoa  these  cropsa     Siaoe  produotivity 
Influenoes  the  alloeatloB  of  resources,  Hio  productivity  equations  manifested 
narked  similarities  to  the  decision  equations* 

Due  to  a  high  Intercorrelation  between  a  nuatber  of  the  independent 
TariableSi   effects  due  to  some  of  the  variables  were  not  detected  for  oertain 
fonmilatlons*     Beoause  the  acreage  falloired  -nas  highly  correlated  with  timet 
it  was  not  possible  to  detect  the  influecoe  of  fallow  in  sareral  of  the 
equations* 

For  Finney  County,  moisture  variables  more  completely  eiqplained  rssouroe 
commitment  and  produotivity  then  they  did  in  Barton  County,  although  the 
effeets  for  preeipltation  were  olear  for  this  eounty  also,    lioisture  was  a 
Bore  oruelal  factor  in  Finney  County,  where  average  precipitation  was  ooi^ 
siderably  less. 

The  influence  of  price,  although  less  decisive  than  the  effects  of 
moisture,  was  detected  for  some  formulations  of  the  wheat  seeding  and 
fallowing  equations  for  Barton  County,  and  for  Finney  County  for  the  acreag* 
of  all  sorghiuss  and  grain  sorghum  harvested.     It  was  also  found  that  price 
influeneed  Hht  acreage  of  idieat  harvested  and  abandoned  in  both  eounties. 

There  was  sridsDce  that  continuous  vdieat,  wheat  after  fallow,  and  ser> 
ghums  were  eos^eting  crops.  The  acreage  of  sorghum  harvested  was  clearly  a 
function  of  acres  of  wheat  seeded  and  acres  of  wheat  abandoned.  Likewise, 
acreage  of  wheat  seeded  was  related  to  the  acreage  of  cropland  (growing  row 
crops  excluded).  Beoause  of  llils  interrelation,  a  study  of  either  could  be 
made  only  if  an  integrated  study  was  formulated,  where  -Qie  Influence  of  the 
production  of  each  on  the  production  of  the  other  could  be  ascertained. 

The  influence  of  the  variable  time  was  apparent  in  many  fonnulatlons. 
This  was  true  even  after  a  oorreotlon  had  been  made  for  the  Influeoee  of 


other  Tariablest 

For  nest  of  the  irtieat  production  and  iriieat  jdeld  fomulatloni,  tfa* 
dependent  variable  was  associated  with  soil  molstare  as  ref  looted  by  preei- 
pltatlon  for  prior  periods*     EowOTer,  for  the  wheat  seeding  equation,  no 
evidenoe  vas  detected  that  fanners  change  their  whsat  acreage  seeded  in 
response  to  those  preolpitatlou  variables*     Thus,  there  is  some  indication 
that  farmers  nay  not  bo  exercising  as  much  strategy  In  the  use  of  soil 
Boistore  as  would  bo  profltabloa 


